US006327100B1
a2 United States Patent (10) Patent No.: US 6,327,100 Bl
Yamanashi 45) Date of Patent: Dec. 4, 2001
(54) ZOOM LENS OTHER PUBLICATIONS

(75) Inventor: Takanori Yamanashi, Kokubunji (JP) Patent Abstracts of Japan, JP 07027979, Otake Motoyuki.

A
Patent Abstracts of Japan, JP 08029688, Nishio Teruhiro et
(73) Assignee: Olympus Optical Co., Ltd., Tokyo (JP) al

Patent Abstracts of Japan, JP 09159918, Ota Kohei.
Patent Abstracts of Japan, JP 08110471, Murata Yasunori.

(*) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35

U.S.C. 154(b) by O days.
Primary Examiner—>cott J. Sugarman

(74) Attorney, Agent, or Firm—Pillsbury Winthrop LLP
(57) ABSTRACT

(21) Appl. No.: 09/499,608
(22) Filed: Feb. 7, 2000

(30) Foreign Application Priority Data The mvention relates to a zoom lens system which, albeit
having a high zoom ratio, 1s reduced 1n terms of length

Feb. 8, 1999  (JP) oottt e, 11-029967 during lens Coﬂapsing and at the wide_angle end as well as
Mar. 2, 1999  (JP) i, 11-054220 the telephoto end, with well-corrected aberrations. The
Mar. 2? 1999 (JP) ................................................. 11-054221 zoom lens System COII]pI'iSGS a front lens group (1 located
Mar. 23, 1999  (JP) eeeereieeieinieceeeeeereee e eenneaeee 11-077548 nearest to the object side and a rear lens group G3 located
(51)  Int. CL7 oo GO02B 15/15  nearest to the image side with at least one lens group located
(52) U.S. Cl oo, 359/689; 359/683  between Gl and G3. 'The group G1 has positive or negative
(58) Field of Search ...............cccooeiinni. 359/689, 683, refracting power and the group G3 has negative refracting

359/676. 691. 692 power. For zooming from the wide-angle end to the tele-
’ ’ photo end, a separation between adjacent lens groups varies.

(56) References Cited Specific conditions are satisfied with respect to the tfocal
length of G3, the amount of movement of G3, and the zoom
U.S. PATENT DOCUMENTS ratio shared by G3.
4,822,152 4/1989 Yamanashi .
5,666,229 9/1997 Ohtake . 13 Claims, 60 Drawing Sheets




U.S. Patent Dec. 4, 2001 Sheet 1 of 60 US 6,327,100 B1

FIG. 1 (c)




U.S. Patent Dec. 4, 2001 Sheet 2 of 60 US 6,327,100 B1

FIG. 2 (a)
AS DT cC

IH 21.63 IH 21.63 IH 21,63

I F~— |
N O b
gf3*>~\
1
~0.50 0.50 -5.00 5.00 —0.02 0.02
(%)
FIG. 2 (b)
AS DT CC
IH 21.63 IH 21,63 IH 21.63
T

—0.50 0.50 =-5.00 5.00 —0.02 0.02

(%)
FIG. 2 (c)

SA AS DT CC
FNO 11.593 IH 21.63 IH 21.63 IH 21.63
X \?\ Y :‘, }\\

: / \ \I
* / / l,
\ {/ \ V
11‘ l ,11 /

\ \ ‘xl/l

-0.50 0.50 -0.50 0.50 -5.00 5.00 —0.02 0.02
(%)



U.S. Patent Dec. 4, 2001 Sheet 3 of 60 US 6,327,100 B1

FIG. 3 (a)




U.S. Patent Dec. 4, 2001 Sheet 4 of 60 US 6,327,100 B1

FIG. 4 (a)

SA AS DT cC
FNO 5.517 IH 21.63 IH 21.63 IH 21.63
g-—--z\\‘\ d (_.--—-AS | H\“\ *"'F | ;,ff

‘\‘\ 1 AM-- h"'-«-..}\ ‘<\ j!’i ~~C
F-—"-—\k? I'i"“‘ C é \\\\*

L l \\

1n \

L1

_0.50 0.50 —-0.50 0.50 -5.00 5.00 —-0.02 0.02

(%)
FIG. 4 (b)

SA AS DT CC
FNO 8.043 IH 21.63 IH 21.63 IH 2_:_1.63
) I ~~_ \J
| SO
| AN \1\

\ \ 1,
| \1
| \

(%)
FIG. 4 (c)
AS DT CC
IH 21.63 IH 21,63 IH 21.63
T\\ \\' T

~0.50 0.50 -5.00 5.00 —0.02 0.02
(%)



U.S. Patent Dec. 4, 2001 Sheet 5 of 60 US 6,327,100 B1




U.S. Patent

SA

FNO 15.13
Joo

Dec. 4, 2001 Sheet 6 of 6()
FIG. 6 (a)
AS DT
IH 21.63 IH 21.63
AS _-OAM
T
\
-0.50 0.50 -5.00 5.00
(%)
FIG. 6 (b)
AS DT
IH 2_1.63

~0.50 0.50 —5.00 5.00

(%)

FI1G. 6 (¢)

DT
IH 21.63

US 6,327,100 Bl

CC
IH 21.63

CcC
IH 21.63

—0.02 0.02

CC
IH 21.63

|
\ N\

—0.50 0.50 —5.00 5.00 —0.02 0.02

(%)



U.S. Patent Dec. 4, 2001 Sheet 7 of 60 US 6,327,100 B1

FIG. 7 (a)

FIG. 7 (b)




U.S. Patent Dec. 4, 2001 Sheet 8 of 60 US 6,327,100 B1

FIG. 8 (a)
AS DT CC
IH 21.63 IH 21.63 IH 21.63
AM-- AS _ 1 “‘ff 4-— C
~ ‘\ ’
| g-—">\;\

—0.50 0.50 -0.50 0.50 -5.00 5.00 —0.02 0.02

(%)
FIG. 8 (b)
SA AS DT cC

FNO 7.335 IH 21.63 IH 21.63 IH 21.63

!

— - i - _
-0.50 0.50 -0.50 0.50 -5.00 5.00

(%)
FIG. 8 (¢)
SA AS DT
FNO 13,081 IH 21.63 IH 21.63

o
™
L™

_\ ~ _ _ _ _
-0.50 0.50 -0.50 0.50 -5.00 5.00
(%)



U.S. Patent Dec. 4, 2001 Sheet 9 of 60 US 6,327,100 B1




U.S. Patent Dec. 4, 2001 Sheet 10 of 60 US 6,327,100 B1

F1G. 10 (a)
SA AS DT
FNO 4.136 IH 21.63 IH21.63
y T ~
AM--—’[\ A S

(%)
FI1G. 10 (b)
SA AS DT

FNO 6.860 IH 21.63 IH 21.63

| T

\

I !
/
[

—_0.50 0.50 —0.50 0.50 —5.00 5.00 —0.02 0.02

(%)
FI1G. 10 (¢)
SA AS DT CC

FNO 12.562 IH 21.63 IH 21.63 IH 21.63
\y |

1

N R _ o —_ _
-0.50 0.50 -0.50 0.50 -5.,00 5,00 -0.02 0.02
(%)



U.S. Patent Dec. 4, 2001 Sheet 11 of 60 US 6,327,100 B1

" (6

M7

zaf%

d,adu dys

F1G. 11 (b) — @1 H%@)@?}E

FIG. 11 (c)

g uf)




U.S. Patent Dec. 4, 2001 Sheet 12 of 60 US 6,327,100 B1

FIG. 12 (a)
SA AS DT CC
FNO 4.627 IH 21.63 IH 21.63 [H 21.63
T T \ | '
_q—-AM | A \
AS | g-——-> N \.1 -G
| F - ‘\'\—‘\

\

\

—0.50 0.50 —0.50 0.50 —5.00 5.00 —0.02 0.02
(%)

FIG. 12 (b)
SA AS DT CC

FNO 7. 528 IH 21.63 [H 21 63 IH 21,63

—0. 50 0 50 -0.50 0.50 -5.00 5.00 -0.02 0.02

(%)
FIG. 12 (¢c)
SA AS DT CC
FNO 13 186 IH 21,63 IH 21.63 IH 21. 63

~0.50 0.50 -0.50 0.50 —5.00 5.00 =-0.02 0.02
(%)



U.S. Patent Dec. 4, 2001 Sheet 13 of 60 US 6,327,100 B1

Gl G2 G3

11 | l |

F1a 1 e

FIG. 13 (b)

FI1G. 13 (c¢)




U.S. Patent Dec. 4, 2001 Sheet 14 of 60 US 6,327,100 B1

FIG. 14 (a)
DT CC
IH 21.63 IH 21.63
T RN Nl
P \#_,.—-C
| g/\ |
| \ H~F
\|

~0.50 0.50 —-0.50 0.50 —5.00 5.00 —0.02 0.02

(%)
FIG. 14 (b)
SA AS DT CC
IH 21.63 IH 21.63 IH 21.63
T T H"i
\ |

\ | ‘1\”

I
i
! s
I
) [
\
) 1
L ‘ | ,
|
. !
b

~0.50 0.50 -0.50 0.50 -5.00 5.00 —0.02 0.02

(%)
FIG. 14 (c)
SA AS DT cC

FNO 13.355 IH 21.63 IH 21.63 IH 21.63
- - \ 1|

~

-0.50 0.50 -0.50 0.50 -5.00 5.00 -0.02 0.02
(%)




U.S. Patent Dec. 4, 2001 Sheet 15 of 60 US 6,327,100 B1

A

FI1G. 15 (a) -

F1G. 15 (b) {H

FIG. 15 (¢)

q :{@% o




U.S. Patent Dec. 4, 2001 Sheet 16 of 60 US 6,327,100 B1

FIG. 16 (a)
SA AS DT
FNO 4.365 IH 21.63 IH 21.63
1AM
AS 1\
|

—0.50 0.50 —0.50 0.50 —5.00 5.00

(%)
FIG. 16 (b)
AS DT CC
IH 21.63 IH 21.63 IH 21.63
n T T

\
|
)
]

~0.50 0.50 —0.50 0.50 -5.00 5.00 —0.02 0.02

(%)
F1G. 16 (c¢)
SA AS DT
FNO 13.456  IH 21.63 IH 21.63

~0.50 0.50 -0.50 0.50 —5.00 5.00
(%)



100 B1
US 6,327,

2001 Sheet 17 of 60

Dec. 4,

nt

U.S. Pate

' HiAS
FIG. 17 (a) HAS ]l!,‘~

FIG. 17 (b)

FIG. 17 (¢)

(H |




U.S. Patent Dec. 4, 2001 Sheet 18 of 60 US 6,327,100 B1

FIG. 18 (a)
AS DT CC
IH 21.63 IH 21.63
N H,,.C
| g"'*-—,"‘i}i--vF
| 4
~0.50 0.50 -0.50 0.50 -5.00 5.00 —0.02 0.02
(%)
FIG. 18 (b)
AS DT CC
IH 21.63 IH 21.63 IH 21.63

T W
| N i
| W b
| l‘\
l \
| \
l
!

VAN P B—
-0.50 0.50 -0.50 0.50 -5.00 5.00 -0.02 0.02

(%)
FIG. 18 (c)
SA AS DT
FNO 13.605 IH 21.63 IR 21.63
‘\"\ \\ | T /’
N /
o )} i}r
( 1
\_\‘ \r\x [ |

~0.50 0.50 -0.50 0.50 -5.00 5.00 —0.02 0.02
(%)



U.S. Patent Dec. 4, 2001 Sheet 19 of 60 US 6,327,100 B1

G1G2 G3 G4




U.S. Patent Dec. 4, 2001 Sheet 20 of 60 US 6,327,100 B1

FIG. 20 (a)
AS DT CcCC
[H 21.63 IH 21.63 F IH 21.63
T T N /
~. N |
N ! \~ \‘.
:-f AM I g-—--—)\\ \.
vy
N
\

—0.50 l 0.50 -0.50 0.50 -5.00 5.00 -0.02 0,02

(%)
FIG. 20 (b)
SA AS DT cC
FNO 7.253 IH 21.63 IH 21,63 IH 21.63
T |

I : \
\

| [
|
:
:

, ! I B
0.50 -0.50 0.50 -5.00 5.00 —-0.02 0.02

(%)
FIG. 20 (c)
SA AS DT cC

FNO 11.736 IH 21.63 IH 21.63 IH 21.63

)
-0.50 0.50 -0.50 0.50 -5.00

\
I
|
I
i




U.S. Patent Dec. 4, 2001 Sheet 21 of 60 US 6,327,100 B1

G1G2 G3 G4

1101 i !

FIG. 21 (a) -

¢
F1G. 21 () — -]

FIG. 21 (¢)

'
b m@@ o




U.S. Patent

US 6,327,100 Bl

Dec. 4, 2001 Sheet 22 of 60
FIG. 22 (a)
AS DT CC
IH 21.63 IH 21.63 IH 21.63
_ - S }f,
- AM N \. |
A
\\ H
\\ \‘1
\\J
0.50 -5.00 5.00 —-0.02 0.02
(%)
FIG. 22 (b)
AS DT CC
IH 21.63 IH 21.63 IH 21.63
:: T ?\\ [\'\
' A I
= L)
‘\\ l‘ \I!
‘ 1l
\‘.‘b
~0.50 0.50 -5.00 5.00 -0.02 0.02
(%)
FIG. 22 (c)
AS DT CC
IH 21.63 I[H 21.63 IH 21.63
1 T \
ho|
A
L\
11 \ ,’
11‘ I‘
l‘il
| S B |
-0.50 0.50 -5.00 5.00 -0.02 0.02

(%)



U.S. Patent Dec. 4, 2001 Sheet 23 of 60 US 6,327,100 B1

FIG. 23 (a)

Y
FIG. 23 (b) n--@ —
jol)

FIG. 23 (¢)




U.S. Patent Dec. 4, 2001 Sheet 24 of 60 US 6,327,100 B1

FIG. 24 (a)
AS DT CC

IH 21.63 IH 21.63 IH 21.63

o

5.00 —0.02 0.02

(%)
FIG. 24 (b)
SA AS DT CC
FNO 6.064 IH 21.63 IH 21.63 IH 21.63
Py . T T \ \ :'T'
A :. \\\ \ |
!” ‘1 / N\ \':
i { \\ \!
l\\‘\ H\ \\\E
\; |

|
L L _
—0.50 0.50 -0.50 0.50 -=5.00 5.00 -0.02 0.02

(%)
FIG. 24 (c)
SA AS DT
FNO 12.3565 IH 21.63 IH 21.63
e 1T T
/
e
/-
/
-

0.50 ~5.00 5.00 -0.02 0.02
(%)



U.S. Patent Dec. 4, 2001 Sheet 25 of 60 US 6,327,100 B1

G1G2 G3 G4

o 1 s R s D R
r-
r rg . 15
rr“s{sr':, VAL
ro 3
£ 44"
A

FIG. 25 (a) —
dy

am

¢
FIG. 25 (b) — (H—)}H@E@ e
¢ ,

FIG. 25 (¢)




U.S. Patent

SA

FNO 9.190

Loy
1\

—0.50

SA
FNO

0.50

14.996

...-'.--‘
e

0.50

Dec. 4, 2001 Sheet 26 of 60
FIG. 26 (a)
AS DT
IH 21.63 IH 21.63
-AM
0.50 —5.00 5.00
(%)
FIG. 26 (b)
AS DT
IH 21.63 IH 21.63
-0.50 0.50 -5.00 5.00
(%)
FIG. 26 (¢)
AS DT
IH 21.63 IH 21.63
-0.50 0.50 -5.00 5.00

(%)

US 6,327,100 Bl

-0.02

0.02

-0.02

0.02




U.S. Patent Dec. 4, 2001

FIG. 27 (a)

FIG. 27 (¢)

Sheet 27 of 60 US 6,327,100 B1

G1G2 G3 G4

rr—1 ri1 —
r I’5 r7rr10 r13 r15 r16

9}
rsbrs 11] r14 [47

J Mg
I‘ iR r' \\

_1 } Ml‘\'} ‘ Gy

de d1 1
d,s

t



U.S. Patent Dec. 4, 2001 Sheet 28 of 60 US 6,327,100 B1

FIG. 28 (a)
AS DT CC
IH 21.63 IH 21.63 IH 21.63
g e
| oA
AR

—0.50 0.50 -5.00 5.00 -0.02 0.02

(%)
FIG. 28 (b)
SA AS DT CC
IH 21.63 IH 21.63 IH 21.63

T - \\ \\‘ ?'

NERY

N

\

0.60 -5.00 5.00 =—0.02 0.02

(%)
FIG. 28 (c) _
SA AS DT CC
FNO 13.286 IH 21.63 IH 21.63 IH 21.63
f” F=="" \ N\ \‘
T A / l\ \
1 \
- “ | 1\11
. !_f 11 ,
I..- \\ \1 ‘}'
\\\\ J \‘\ '/
‘ N

0.50 -0.50 0.50 -5.00 5.00 -0.02 0.02
(%) |



U.S. Patent Dec. 4, 2001 Sheet 29 of 60 US 6,327,100 B1

G1G2 G3 G4

Frir I___l

Q}ﬁn !@ e d, v.}

FIG. 29 (a)

d1

¢
FI1G. 29 (b) H

FIG. 29 (c)

by




U.S. Patent Dec. 4, 2001 Sheet 30 of 60 US 6,327,100 B1

FIG. 30 (a)
SA AS DT CC
FNO 4.534 IH 21.63 IH 21.63 IH 21.63

A //\\ /
_ AM / ‘,1
E--ulf /
P -
\\‘\1 |
N

-0.30 0.30 -5.00 5.00 -0.02 0.02

(%)
FIG. 30 (b)
SA AS DT CC
FNO 7.076 IH 21.63 IH 21.63 IH 21.63
;’: -~ ;;' - ;} “ \1!‘
kY. Vb
f {H \
g \ A\
| '\ \\
4 " . N
-0.30 0.30 -0.30 0.30 -5.00 b5.00 -0.02 0.02
(%)
FIG. 30 (c)
SA AS DT CC
FNO 15,782 IH 21.63 IH 21.63 IH 21.63
S ] | vl
1. <. V|
AND L]

|

A
nE

~0.30 0.30 —-0.30 0.30 -5.00 5.00 -0.02 0.02
(%)




U.S. Patent Dec. 4, 2001 Sheet 31 of 60 US 6,327,100 B1

F1G. 31 (a)

'
16, 31 () — 1A “

FIG. 31 (¢)




U.S. Patent Dec. 4, 2001 Sheet 32 of 60 US 6,327,100 B1

FIG. 32 (a)
AS DT CC
IH 21.63 IH 21.63 IH\/21 63
//\y
ve-—AM lf M
\ 1
\ i
\'\l
N
~0.30 0.30 -0.30 0.30 -5.00 5.00 -0.02 0.02
(%)
FIG. 32 (b)
SA AS DT CC
ENO 7.092 IH 21.63 IH 21.63 IH 21.63
N . T \ LJ"'

L

0.30 —-0.30 0.30 —5.00 5(?0? -0.02 0.02
%

FIG. 32 (c¢)

SA AS DT CC
FNO 15.767 IH 21.63 IH 21.63 IH 21.63




U.S. Patent Dec. 4, 2001 Sheet 33 of 60 US 6,327,100 B1

G1G2G3 G4

FIG. 33 (a)
¢
F1G. 33 (b) @ jﬂ | |
1
FIG. 33 (c)

@i J
T



U.S. Patent Dec. 4, 2001 Sheet 34 of 60 US 6,327,100 B1

FIG. 34 (a)
AS DT CC
IH 21.63 IH 21.63 IH 21.63
T ~ - N ,1
o AM N L
N .l
NN
\
\ |
N

050 0.50 -0.50 0.50 —-5.00 5.00 —-0.02 0.02
(%)

FIG. 34 (b)
AS DT CcCC
IH 21.63 IH 21.63 IH 21.63

_0.50 0.50 —5.00 5.00 -0.02 0.02

(%)
FIG. 34 (¢) '
AS DT CC

IH 21.63 IH 21.63 IH 21.63
1 : |

~0.50 0.50 —5.00 5.00 -0.02 0.02
(%)



U.S. Patent Dec. 4, 2001 Sheet 35 of 60 US 6,327,100 B1

G1G2 G3 G4

FIG. 35 (a)
¢
SPESR N 14\ H—
* ®_
FIG. 35 (c)

@ '
xa



U.S. Patent Dec. 4, 2001 Sheet 36 of 60 US 6,327,100 B1

FIG. 36 (a)
SA AS DT o
FNO 4.671 IH 21.63 IH 21.63 IH 21.63
/ -7 \‘\\ \‘ T
N
- AM Y
\ ‘
d N\
\
1 \
1) \\i o
"0.50 —-0.50 0.50 —5.00 5.00 -0.02 0.02
(9 )
SA AS DT CC
FNO 7.893 IH 21.63 IH 21.63 IH 21.63

’ NN

AV
\

050 -0.50 0.50 —5.00 5.00 =-0.02 0.02

(%)
FIG. 36 (c)
SA AS DT cC
FNO 10.835 IH 21.63
T\

—0.50 0.50 —0.50 0,50 —5.00




U.S. Patent Dec. 4, 2001 Sheet 37 of 60 US 6,327,100 B1

G1G2G3 G4

r

FIG. 37 (a)

v >§}
FIG. 37 (b) L {H—BF@ -H+ -
T
|
FIG. 37 (¢) - - —
@ @




U.S. Patent Dec. 4, 2001 Sheet 38 of 60 US 6,327,100 B1

FIG. 38 (a)
AS DT CC
IH 21.63 IH 21.63 IH 21.63
- x\\\\ N 'L
- AM “‘\\\‘\;

—0.50 0.50 —5.00 5.00 —0.02 0.02

(%)
FIG. 38 (b)
SA AS DT CC

FNO 11.982 IH 21.63 IH 21.63 IH 21,63
A ¥

—-0.5 -0.50 0,50 -5.00
FIG. 38 (c)
SA AS DT cC
FNO 15.801 IH 21.63 IH 21.63 IH 21.63
y TH . 1 .

-5.00 5.00 0.02

(%)



U.S. Patent Dec. 4, 2001 Sheet 39 of 60 US 6,327,100 B1

FIG. 39 (a)

FIG. 39 (c)

¢




U.S. Patent Dec. 4, 2001 Sheet 40 of 60 US 6,327,100 B1

FIG. 40 (a)
AS DT CC
IH 21.63 IH 21.63 IH 21.63
1 T /\‘;F
AM E !f !\\
13
'
\\'\‘
N\
N
~0.50 0.50 -0.50 0.50 -5.00 5.00 —0.02 0.02
(%)
FIG. 40 (b)
DT CC
IH 21.63 IH 21,63
T
I
. 1 o !________ —— s —
-0.50 0.50 -0.50 0.50 -5.00 5.00
(%)
FIG. 40 (c) _

SA AS DT CC
ENO 7.450 IH 21.63 IH 21.63 IH 21.63
’ ! AN ‘\j:

n\‘ | \\\ \j

| \
*l \\ ”
\ | \
| \

R ] . N
—0.50 0.50 —-0.50 0.50 -5.00 5.00 -0.02 0.02
(%)




U.S. Patent Dec. 4, 2001 Sheet 41 of 60 US 6,327,100 B1

6162 G3 G4

Firr 1

FIG. 41 (a)

FIG. 41 (b) — i

FIG. 41 (c)

)




U.S. Patent Dec. 4, 2001 Sheet 42 of 60 US 6,327,100 B1
FIG. 42 (a)
AS DT
IH 21.63 IH 21.63
‘-i
't, |
\ /

-0.50 0.50 -5.00 5.00

(%)
FIG. 42 (b)
SA AS DT cC
FNO 6.743  IH 21.63 IH 21.63 IH 21.63

----"':---I
e
—"'_.

[rm—— rrTTEE . —

5.00 —0.02 0.02

050 -0.50 0.50 —5.00

(%)

FIG. 42 (c)

SA AS DT
FNO 11,863 IH 21.63 IH 21,63

T
l

T‘ |
| f
: |
; !

" l
|

|

050 —0.50 0.50 -5.00 5.00 —0.02 0.02
(%)




U.S. Patent Dec. 4, 2001 Sheet 43 of 60 US 6,327,100 B1

G1G2G3 G4

1 r—i 1

FIG. 43 (a) ' 'qn ‘\“ Ay
d'dz Ndedg
dsd?5 dsd Y dry d,SM

¢
FIG. 43 (b) {H——ﬂ
A

FIG. 43 (c)




U.S. Patent Dec. 4, 2001 Sheet 44 of 60 US 6,327,100 B1

FIG. 44 (a)
DT CC
IH 21.63 IH 2*1.63

—
e 7
I h\ f
) !

-0.50 0,50 -5.00 5.00 -0.02 0.02

(%)
FIG. 44 (b)
AS DT cC
IH 21.63 IH 21.63 IH 21.63

-0.50 0.50 -5.00 5.00 -0.02 0.02

(%)
FIG. 44 (c)
SA AS DT CC
FNO 12.073 IH 21.63 IH 21.63 IH 21.63

e \
K
}

~0.50 0.50 —5.00 EE.OO -0.02  0.02
%)



U.S. Patent Dec. 4, 2001 Sheet 45 of 60 US 6,327,100 B1

G16G2G36G4 G5
—

Fimrir

G‘I G2G3G4 GS

M rri1 I

oo Yt}

FIG. 45 (¢)
G162 G3GLGS

mri1 ririri

m:@@ o




U.S. Patent Dec. 4, 2001 Sheet 46 of 60 US 6,327,100 B1

SA AS DT CC
FNO 4.598 [H 21.63 IH 21.63 IH 21.63
AS— 17~ AM T Vi

0.30 -5.00 5,00 —0.02 0.02

(%)
FIG. 46 (b)

SA AS DT - CC
FNO 7.594 IH 21.63 IH 21.63 IH 21.63
1 FT " YE
.l\ V h !

I\ [y
Y l\l‘
\\ \‘\
\
\\ \\

\l —— —_—

-0.30 0.30 -0.30 0.30 -5.00 b.00 -0.02 0.02
(%)
FIG. 46 (c)

SA AS DT CC
FNO 11.365 IH 21.63 IH 21.63
‘H"‘\‘ ? J’"#

\
-0.30 0.30 -0.30 0.30 -5.00 5.00 -0.02 0.02
, (%)



U.S. Patent Dec. 4, 2001 Sheet 47 of 60 US 6,327,100 B1

G2
G1r|163 G4 GS

L I l I

FIG. 47 (a)

G‘l (32 GB GA GS

F1G. 47 (b) - @H—[}@)@—

FIG. 47 (c)

G1G2 G3 G4 G5
alls M
G_H *

!




U.S. Patent Dec. 4, 2001 Sheet 48 of 60 US 6,327,100 B1

FIG. 48 (a)
SA AS DT

FNO 4.280 IH 21.63 IH 21.63

.- AM

0.30 —-0.30 0.30 —=5.00 5.00
(%)

FIG. 48 (b)
SA AS DT

FNO 7.323 IH 21.63 IH 21.63

i, ]
f

-0.30 0.30 -0.30 0.30 —5.00 5.00

(%)
FIG. 48 (c)
SA AS DT

FNO 10.920 IH 21.63 IH 21.63

0.30 -0.30 0.30 -5.00 5.00
f (%)



U.S. Patent Dec. 4, 2001 Sheet 49 of 60 US 6,327,100 B1

FIG. 49 (a)
G1(32 (1513|—G—4—||G—5|
F1G. 49 (b) ————eﬂ B@}j@— ——-—-——-—-—1
FIG. 49 (¢)

G1G2  G3 G4 GS

M 11 ] l
Gﬂ *
%



U.S. Patent Dec. 4, 2001 Sheet 50 of 60

FIG. 50 (a)
SA AS DT
FNO 4.333 IH 21.63 IH 21.63
r [T
F-—F :
- _
~0.30 0.30 —0.30 0.30 —5.00 5.00
(%)
FIG. 50 (b)
SA AS DT
FNO 7.128 IH 21.63 IH 21.63
T T
) _ - i
~0.30 0.30 -5.00 5.00
(%)
FIG. 50 (¢)
SA AS DT
FNO 11.802 IH 21.63 IH 21.63

\. *{I !f

)

_ R B
-0.30 0.30 -0.30 0.30 -5.00 5.00

(%)

US 6,327,100 Bl

CC

—0.02 0.02

- CC
IH 21,63

—0102 0-02



U.S. Patent Dec. 4, 2001 Sheet 51 of 60 US 6,327,100 B1

G2
G'I G3(34 G5

FIG. 51 (a)

G'I GZ G3 G4

I—II_II I

F16. 51 (b) {H—{{@@}—E}

FIG. 51 (¢)
CIoz 630465

G ——



U.S. Patent Dec. 4, 2001 Sheet 52 of 60 US 6,327,100 B1

FIG. 52 (a)
SA AS DT

FNO 4.786 IH 21.63 IH 21.63

0.30 —0.30 0.30 —5.00 5.00 —0.02 0.02
(%)

SA AS DT - CC
FNO 7.575 IH 21.63 IH 21.63 IH 21.63
D R a /

] | ]
| o

N -

I \\.
\\ ‘i\

-0.30 0.30 -0.30 0.30 -5.00 5.00 —0.02 0.02

(%)
FIG. 52 (c¢)
SA AS DT CC
FNO 13.380 IH 21.63 IH 21.63 IH 21,63
.y > 1
‘\\xh \\I
\ xﬁ\ ‘\MM\ /ff i

-0.30 0.30 -0.30 0.30 -5.00 5.00 —0.02 0.02

(%)



U.S. Patent Dec. 4, 2001 Sheet 53 of 60 US 6,327,100 B1

G1G2G3G4 G5
1

1 N
Faly4

Fals T-
AN

rz

FIG. 53 (a)

nrir | |

FIG. 53 (¢)
G1  G2G3G4 G5

MAri rl |

il ekl FEEEE———————b N el—— - sl el . .




U.S. Patent Dec. 4, 2001 Sheet 54 of 60 US 6,327,100 B1

FIG. 54 (a)
DT CC
IH 21.63 IH 21.63 IH 21.63
- AM | \\\E}
1
\ !
\ L
\‘}|
~0.30 0.30 -0.30 0.30 —5.00 5.00 —0.02 0.02
(%)
FIG. 54 (b)
AS DT cc
IH 21.63 IH 21.63 IH 21.63
1' \\ é[\
\\ u
AN
\ '|

~0.30 0.30 -0.30 0.30 -5.00 5.00 -0.02 0.02

(%)
FIG. 54 (¢)
SA AS DT
FNO 13.157 IH 21.63 IH 21.63

/ T

\
ra
h’/

l
/v
fl
!:

-0.30 0.30 -0.30 0.30 -5.00 5,00
- (%)



U.S. Patent Dec. 4, 2001 Sheet 55 of 60 US 6,327,100 B1

FI1G. 55 (a)

G4

G16263165 66
FIG. 55 (b) ' | “‘—‘%

FIG. 55 (c¢)

G162 G3G4 G5 G6
aln M o
. ’
! _




U.S. Patent Dec. 4, 2001 Sheet 56 of 60 US 6,327,100 B1

FIG. 56 (a)
SA AS DT
FNO 4,687 IH 21.63 IH 21.63
) I T , T
|
L
T e AS
F’J"j . - AM

] l[ ; - _—
—-0.30 0.30 -0.30 0.30 -5.00 5.00 —-0.02 0.02

(%)
FIG. 56 (b)
SA AS DT cC

FNO 7.887 IH 21.63 IH 21.63 IH 21.63
!f/ _}I' \
L ( ;

-0.30 0.30 -0.30 0.30 -5.00 5.00 -0.02 0.02

(%)
FIG. 56 (¢)
SA AS DT

FNO 15.157 IH 21.63 IH 21,63
- |

~0.30 0.30 -5.00 5.00 =0.02 0.02
(%)



U.S. Patent Dec. 4, 2001 Sheet 57 of 60 US 6,327,100 B1

G204

FIG. 57 (a) —

GZ G4

FIG. 57 (b)

FIG. 57 (c)
G1G2 G3G4 G5GEG7

b




U.S. Patent Dec. 4, 2001 Sheet 58 of 60 US 6,327,100 B1

FIG. 58 (a)

DT
IH 2__1.‘63

~0.30 0.30 -0.30 0.30 -5.00 5.00

FIG. 58 (b)
SA AS DT
IH 21.63

-0.30 0.30 -0.30 0.30 -5.00 5.00 -0.02 0.02
* (%)



U.S. Patent Dec. 4, 2001 Sheet 59 of 60 US 6,327,100 B1

G2G4
G1TE33‘L G5G6

F1G. 59 (a)

FIG. 59 (b) @Hm‘@*

FIG. 59 (c) G6
GIGZ G3G£. GSrL G7

b




U.S. Patent Dec. 4, 2001 Sheet 60 of 60 US 6,327,100 B1

FIG., 60 (a)
SA AS DT cC
ENO 4.800 IH 21.63 IH 21.63
d - AM 1

AS

0.30 -0.30 0.30 -5.00 5.00

(%)
FIG. 60 (b)
SA AS DT cC

FNO 8.146 IH 21.63 IH 21.63 IH 21.63

0.30 -0.30 0.30 -5.00 5.00 -0.02 0.02

(%)
SA AS DT
FNO 15,627 IH 21.63 IH 21.63
—_—

0.30 —-0.30 0.30 -5.00 5.00 -0.02 0.02
‘ (%)



US 6,327,100 Bl

1
ZOOM LENS

BACKGROUND OF THE INVENTION

The present invention relates generally to a zoom lens,
and more particularly to a zoom lens system having a low
telephoto ratio.

So far, two-group zoom lens systems have been used
primarily for zoom lenses having a relatively low
magnification, and three-group zoom lens systems have
been adopted mainly for zoom lenses having a higher
magnification. These zoom lens systems are operated in
various zooming modes; however, this results 1n an increase
in the number of lens groups involved. To reduce the number
of lens groups and lens elements, the aperture ratios of the
systems at their telephoto ends are reduced depending on
their operating modes, while full use 1s made of aspherical
surfaces.

For zoom lenses used on compact cameras, there 1s a
zoom lens system disclosed in JP-B 8-3580 published under
the name of the applicant. The zoom lens system set forth 1n
JP-B 8-3580 comprises, 1 order from its object side, a first
lens group having positive refracting power, a second lens
group having positive refracting power and a third lens
group having negative refractive power. For zooming from
the wide-angle end to the telephoto end of the zoom lens
system, each lens group moves toward the object side. This
zoom lens system becomes shortest at the wide-angle end
and longest at the telephoto end.

This zoom lens system 1s characterized 1n that the amount
of zooming movement of the third lens group 1s larger than
those of the rest, thereby achieving a higher zoom ratio. The
publication teaches that focusing 1s effected by the move-
ment of the second lens group, thereby achieving the most
stable 1mage-formation capabilities.

For four-group zoom lenses used on compact cameras, on
the other hand, there 1s a zoom lens system disclosed 1n JP-B
8-30783 published under the name of the applicant, which
comprises, 1n order from 1ts object side, a first lens group
having positive refracting power, a second lens group having
negative refracting power, a third lens group having positive
refracting power and a fourth lens group having negative
refracting power. From the wide-angle end to the telephoto
end of the zoom lens system, each lens group moves toward
the object side.

This zoom lens system 1s characterized in that the zoom
rat10 1s allocated to each lens group by the movement of each
lens group, thereby achieving a high magnification. For
zooming from the wide-angle end to the telephoto end, the
second lens group 1s allowed to move toward the object side,
so that size reductions are achievable at the wide-angle end.

Some proposals have been made to divide each lens group

into subgroups for zooming movement (JP-A’s 7-27979,
8-29688, 8-110471 and 9-159918).

To reduce the size of lens systems as mentioned above,
many proposals have so far been made of taking full
advantage of aspherical surfaces having great ability to
correct for aberrations, thereby reducing the number of
lenses forming one lens group. Many proposals have also
been made of using a radial type gradient index lenses.

Most of actual zoom lens systems for compact cameras
have a mechamism for accommodating them 1n camera
bodies 1rrespective of their types. To this end, a lens col-
lapsible mount mechanism 1s provided 1n a space defined in
a lens position at the wide-angle end where the zoom lens
system becomes shortest to move the zoom lens system
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therem. It 1s thus possible to reduce the size of the camera
during lens collapsing.

In taking actual shots, however, the zoom lens system
must be used 1n the form of the original optical system, and
so a lens mount (for holding the lens system) projects from
the camera body. Especially in the case of a zoom lens
system having a high zoom ratio, the amount of movement
of lenses 1n association with zooming becomes large at the
telephoto end. This means that the overall length of the lens
system, 1.¢., the lens mount increases largely. For this reason,
the center of gravity shifts more largely at the telephoto end
than during lens collapsing or at the wide-angle end, making
the balance of the camera worse and rendering the camera
difficult to handle.

SUMMARY OF THE INVENTION

In view of such situations as mentioned above, an object
of the present invention 1s to provide a zoom lens system
which, albeit having a high zoom ratio, has 1ts overall length
reduced during storage and at 1ts wide-angle end and at its
telephoto end as well, and has well-corrected aberrations.

According to the first aspect of the invention, the afore-
said object 1s achieved by the provision of a zoom lens
system comprising a front lens group located nearest to an
object side of said zoom lens system, a rear lens group
located nearest to an 1mage side of said zoom lens system
and at least one lens group located between said front lens
ogroup and said rear lens group, wherein:

said front lens group has positive or negative refracting
power, said rear lens group has negative relfracting
power and a separation between adjacent lens groups
varies for zooming from a wide-angle end to a tele-

photo end of said zoom lens system, and conditions (),
(IT) and (III) are satisfied:

0.02<|f, |/f,<0.3 (D)
(ID

(I1D)

0.1<AX, fr<0.7

1.5<PB; +/P; u<6

where 1, 1s a focal length of said rear lens group, {, 1s the
focal length of said zoom lens system at said telephoto end,
AX; - 1s the amount, on the basis of said wide-angle end, of
zooming movement of said rear lens group to said telephoto
end, [3; - 1s the transverse magnification of said rear lens
group at said telephoto end, and f3,, 1S the transverse
magnification of said rear lens group at said wide-angle end.

According to the second aspect of the present invention,
there 1s provided a zoom lens system comprising, in order
from an object side of said zoom lens system, a {first lens
ogroup having positive refracting power, a second lens group
having positive refracting power and a third lens group
having negative refracting power, wherein:

cach of said respective lens groups moves to said object
side upon zooming from a wide-angle end to a tele-
photo end of said zoom lens system while a separation
between said first lens group and said second lens
group becomes wide and a separation between said
second lens group and said third lens group becomes
narrow, and conditions (1), (2) and (3) are satisfied:

0.03<|f|/f7<0.25 (1)
(2)
(3)

where 1, 1s the focal length of said third lens group, {, 1s the
focal length of said zoom lens system at said telephoto end,

0.2<AX 5 /fr<0.44

1.5<P5+/P3u<6.0



US 6,327,100 Bl

3

AX,+1s the amount, on the basis of said wide-angle end, of
zooming movement of said third lens group to said telephoto
end, ps 1s the transverse magnification of said third lens
group at said telephoto end, and Py 1s the transverse
magnification of said third lens group at said wide-angle
end.

According to the third aspect of the present invention,
there 1s provided a zoom lens system comprising, in order
from an object side of said zoom lens system, a first lens
ogroup having positive refracting power, a second lens group
having positive refracting power, a third lens group having
positive refracting power and a fourth lens group having
negative refracting power, wherein:

cach of said lens groups moves to said object side upon
zooming from a wide-angle end to a telephoto end of
said zoom lens system while a separation between said
first lens group and said second lens group becomes
wide and a separation between said third lens group and
said fourth lens group becomes narrow, and conditions

(4), (5) and (6) are satisfied:

0.02<|f,|/f,<0.3 (4)

(5)
(6)

where 1, 1s the focal length of said fourth lens group, £, 1s
the focal length of said zoom lens system at said telephoto
end, AX, - 1s the amount, on the basis of said wide-angle end,
of zooming movement of said fourth lens group to said
telephoto end, 3, 1s the transverse magnification of said
fourth lens group at said telephoto end, and {3, 1s the
fransverse magnification of said fourth lens group at said
wide-angle end.

According to the fourth aspect of the present invention,
there 1s provided a zoom lens system comprising, in order
from an object side of said zoom lens system, a first lens
ogroup having positive refracting power, a second lens group
having negative refracting power, a third lens group having
positive refracting power and a fourth lens group having
negative refracting power, wherein:

0.1<AX 4 /f7<0.5

1.5<P 47/ P4u<6.0

cach of said lens groups moves to said object side upon
zooming from a wide-angle end to a telephoto end of
said zoom lens system while a separation between said
first lens group and said second lens group becomes
wide and a separation between said third lens group and

said fourth lens group becomes narrow, and conditions
(7), (8) and (9) are satisfied:

0.02<|f,|/f;<0.3 (7)

0.2<AX ,7/f<0.6 (8)

1.5<P 47/ P4ss<6.0 (6)

where {, 1s the focal length of said fourth lens group, f, 1s
the focal length of said zoom lens system at said telephoto
end, AX,,1s the amount, on the basis of said wide-angle end,
of zooming movement of said fourth lens group to said
telephoto end, [,, 1s the transverse magnification of said
fourth lens group at said telephoto end, and [3,y 1s the
fransverse magnification of said fourth lens group at said
wide-angle end.

According to the fifth aspect of the invention, there is
provided a zoom lens system including a first lens group
located nearest to an object side of said zoom lens system
and a final lens group located nearest to an 1image side of said
zoom lens system and comprising at least five lens groups in
all, wherein:
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cach of said lens groups moves to said object side upon
zooming from a wide-angle end to a telephoto end of

said zoom lens system, and conditions (10), (11) and
(12) are satisfied:

0.02<|/f, |f<0.3 (10)
(11)

(12)

0.1<AX, /fr<0.7

1.5<P; +/P; <6

where 1, 1s the focal length of said final lens group, 1, 1s the
focal length of said zoom lens system at said telephoto end,
AX; - 1s the amount, on the basis of said wide-angle end, of
zooming movement of said final lens group to said telephoto
end, ;- 1s the transverse magnification of said final lens
oroup at said telephoto end, and f3; 1s the transverse
magnification of said final lens group at said wide-angle end.

Still other objects and advantages of the mnvention will 1n
part be obvious and will 1n part be apparent from the
specification.

The invention accordingly comprises the features of
construction, combinations of elements, and arrangement of
parts which will be exemplified in the construction herein-
after set forth, and the scope of the invention will be
indicated in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1(a), 1(b) and 1(c) are sectional views of the lens

arrangement according to Example 1 of the zoom lens
system of the 1nvention.

FIGS. 2(a), 2(b) and 2(c) are aberration diagrams for
Example 1 of the invention.

FIGS. 3(a), 3(b) and 3(c) are sectional views of the lens
arrangement according to Example 2 of the zoom lens
system of the invention.

FIGS. 4(a), 4(b) and 4(c) are aberration diagrams for
Example 2 of the invention.

FIGS. 5(a), 5(b) and 5(c) are sectional views of the lens
arrangement according to Example 3 of the zoom lens
system of the 1nvention.

FIGS. 6(a), 6(b) and 6(c) are aberration diagrams for
Example 3 of the invention.

FIGS. 7(a), 7(b) and 7(c) are sectional views of the lens

arrangement according to Example 4 of the zoom lens
system of the invention.

FIGS. 8(a), 8(b) and 8(c) are aberration diagrams for
Example 4 of the invention.

FIGS. 9(a), 9(b) and 9(c) are sectional views of the lens
arrangement according to Example 5 of the zoom lens
system of the invention.

FIGS. 10(a), 10(b) and 10(c) are aberration diagrams for
Example 5 of the invention.

FIGS. 11(a), 11(b) and 11(c) are sectional views of the
lens arrangement according to Example 6 of the zoom lens
system of the 1nvention.

FIGS. 12(a), 12(b) and 12(c) are aberration diagrams for
Example 6 of the invention.

FIGS. 13(a), 13(b) and 13(c) are sectional views of the

lens arrangement according to Example 7 of the zoom lens
system of the 1nvention.

FIGS. 14(a), 14(b) and 14(c) are aberration diagrams for
Example 7 of the invention.

FIGS. 15(a), 15(b) and 15(c) are sectional views of the
lens arrangement according to Example 8 of the zoom lens
system of the invention.
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FIGS. 16(a), 16(b) and 16(c) are aberration diagrams for
Example 8 of the invention.

FIGS. 17(a), 17(b) and 17(c) are sectional views of the
lens arrangement according to Example 9 of the zoom lens
system of the invention.

FIGS. 18(a), 18(b) and 18(c) are aberration diagrams for
Example 9 of the invention.

FIGS. 19(a), 19(b) and 19(c) are sectional views of the
lens arrangement according to Example 10 of the zoom lens
system of the invention.

FIGS. 20(a), 20(b) and 20(c) are aberration diagrams for
Example 10 of the invention.

FIGS. 21(a), 21(b) and 21(c) are sectional views of the
lens arrangement according to Example 11 of the zoom lens
system of the invention.

FIGS. 22(a), 22(b) and 22(c) are aberration diagrams for
Example 11 of the invention.

FIGS. 23(a), 23(b) and 23(c) are sectional views of the
lens arrangement according to Example 12 of the zoom lens
system of the invention.

FIGS. 24(a), 24(b) and 24(c) are aberration diagrams for
Example 12 of the invention.

FIGS. 25(a), 25(b) and 25(c) are sectional views of the

lens arrangement according to Example 13 of the zoom lens
system of the invention.

FIGS. 26(a), 26(b) and 26(c) are aberration diagrams for
Example 13 of the invention.

FIGS. 27(a), 27(b) and 27(c) are sectional views of the

lens arrangement according to Example 14 of the zoom lens
system of the invention.

FIGS. 28(a), 28(b) and 28(c) are aberration diagrams for
Example 14 of the invention.

FIGS. 29(a), 29(b) and 29(c) are sectional views of the

lens arrangement according to Example 15 of the zoom lens
system of the invention.

FIGS. 30(a), 30(b) and 30(c) are aberration diagrams for
Example 15 of the invention.

FIGS. 31(a), 31(b) and 31(c) are sectional views of the
lens arrangement according to Example 16 of the zoom lens
system of the invention.

FIGS. 32(a), 32(b) and 32(c) are aberration diagrams for
Example 16 of the invention.

FIGS. 33(a), 33(b) and 33(c) are sectional views of the
lens arrangement according to Example 17 of the zoom lens
system of the invention.

FIGS. 34(a), 34(b) and 34(c) are aberration diagrams for
Example 17 of the invention.

FIGS. 35(a), 35(b) and 35(c) are sectional views of the

lens arrangement according to Example 18 of the zoom lens
system of the invention.

FIGS. 36(a), 36(b) and 36(c) are aberration diagrams for
Example 18 of the invention.

FIGS. 37(a), 37(b) and 37(c) are sectional views of the

lens arrangement according to Example 19 of the zoom lens
system of the invention.

FIGS. 38(a), 38(b) and 38(c) are aberration diagrams for
Example 19 of the invention.

FIGS. 39(a), 39(b) and 39(c) are sectional views of the

lens arrangement according to Example 20 of the zoom lens
system of the invention.

FIGS. 40(a), 40(b) and 40(c) are aberration diagrams for
Example 20 of the invention.

FIGS. 41(a), 41(b) and 41(c) are sectional views of the
lens arrangement according to Example 21 of the zoom lens
system of the invention.
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FIGS. 42(a), 42(b) and 42(c) are aberration diagrams for
Example 21 of the mnvention.

FIGS. 43(a), 43(b) and 43(c) are sectional views of the

lens arrangement according to Example 22 of the zoom lens
system of the invention.

FIGS. 44(a), 44(b) and 44(c) are aberration diagrams for
Example 22 of the ivention.

FIGS. 45(a), 45(b) and 45(c) are sectional views of the
lens arrangement according to Example 23 of the zoom lens

system of the 1nvention.

FIGS. 46(a), 46(b) and 46(c) are aberration diagrams for
Example 23 of the invention.

FIGS. 47(a), 47(b) and 47(c) are sectional views of the

lens arrangement according to Example 24 of the zoom lens
system of the invention.

FIGS. 48(a), 48(b) and 48(c) are aberration diagrams for
Example 24 of the invention.

FIGS. 49(a), 49(b) and 49(c) are sectional views of the
lens arrangement according to Example 25 of the zoom lens

system of the invention.

FIGS. 50(a), 50(b) and 50(c) are aberration diagrams for
Example 25 of the invention.

FIGS. 51(a), 51(b) and 51(c) are sectional views of the

lens arrangement according to Example 26 of the zoom lens
system of the 1nvention.

FIGS. 52(a), 52(b) and 52(c) are aberration diagrams for
Example 26 of the mnvention.

FIGS. 53(a), 53(b) and 53(c) are sectional views of the
lens arrangement according to Example 27 of the zoom lens

system of the invention.

FIGS. 54(a), 54(b) and 54(c) are aberration diagrams for
Example 27 of the ivention.

FIGS. 55(a), 55(b) and 55(c) are sectional views of the

lens arrangement according to Example 28 of the zoom lens
system of the 1nvention.

FIGS. 56(a), 56(b) and 56(c) are aberration diagrams for
Example 28 of the ivention.

FIGS. 57(a), 57(b) and 57(c) are sectional views of the
lens arrangement according to Example 29 of the zoom lens

system of the invention.

FIGS. 58(a), 58(b) and 58(c) are aberration diagrams for
Example 29 of the invention.

FIGS. 59(a), 59(b) and 59(c) are sectional views of the

lens arrangement according to Example 30 of the zoom lens
system of the invention.

FIGS. 60(a), 60(b) and 60(c) are aberration diagrams for
Example 30 of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The aim of the present invention 1s to reduce the size of
a conventional zoom compact camera. That 1s, an optical
system 1s downsized so that an lens unit having high zoom
ratios can be housed in a small camera.

More specifically, the basic zoom lens system of the
invention has a paraxial lens arrangement comprising a front
lens group located nearest to 1ts object side, a rear lens group
located nearest to 1ts 1image side and at least one lens group
between the front lens group and the rear lens group. The
front lens group has positive or negative refracting power,
and the rear lens group has negative refracting power. For
wide-angle end-to-telephoto end zooming, the separation
between adjacent lens groups varies. The zoom lens systems
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of the 1nvention having three-group, four-group and five-
group constructions will now be explained 1n this order.

The zoom lens system of three-group construction accord-
ing to the invention comprises, 1n order from its object side,
a first lens group having positive refracting power, a second
lens group having positive refracting power and a third lens
group having negative refracting power. Each of the lens
groups moves to the object side during zooming from the
wide-angle end to the telephoto end while the separation
between the first lens group and the second lens group
becomes wide and the separation between the second lens
ogroup and the third lens group becomes narrow.

In the present mnvention, such an arrangement 1s used for
the reason that the overall length of the lens system can be
reduced at the wide-angle end. An additional advantage of
this arrangement 1s that when, for 1nstance, the second lens
oroup 1s moved for focusing, it 1s possible to reduce the
amount of focusing movement. This advantage makes it
unnecessary to provide a space larger than required between
the first lens group and the second lens group. With this
arrangement, 1t 1s thus possible to achieve compactness
ciiciently. In addition, the separation between the first lens
croup and the second lens group becomes wide at the
telephoto end, and so there 1s no possible mechanical
interference between both lens groups even when the
amount of focusing movement of the second lens group
increases. This embodiment 1s also preferred in this regard.

How the aforesaid arrangement 1s used to obtain a small
telephoto ratio while high zoom ratios are maintained will be
explained below. With a conventional method making use of
an aspherical surface while a small aperture ratio 1s main-
tained at the telephoto end, the size of a camera body may
be reduced at the wide-angle end and during lens collapsing.
However, the amount of movement of the lens groups upon
zooming to the telephoto end becomes large, and so the
zoom lens system 1s 1ll-balanced. It 1s here noted that the
amount of movement of the lens system depends chiefly on
zoom ratios and the focal length of a zooming portion. In
other words, when the amount of movement of the lens
system 1s reduced, the overall length of the lens system may
be reduced. Instead, however, 1t 1s difficult to achieve high
zoom ration because the zoom ratio itself should be kept
low.

According to the zoom lens system of the invention,
therefore, small telephoto ratios are achieved while high
zoom ratios are kept by the proper determination of the
zoom ratio of the third lens group that 1s a main zooming
portion, 1.€., the focal length of the third lens group. More
exactly, 1t 1s desired for the third lens group to satisty the
following condition (1):

0.03<|/fs|f;<0.25 (1)

Here t, 1s the focal length of the third lens group, and {, 1s
the focal length of the zoom lens system at the telephoto end.

Condition (2) is provided to reduce the amount of move-
ment of the zoom lens system at higher magnifications, and
this condition 1s 1important to reduce the telephoto ratio of
the system at the telephoto end. When the lower limit to
condition (1) is not reached, the focal length of the third lens
ogroup becomes very short and so a power profile favorable
for reducing the telephoto ratio 1s obtained. However, the
power of the third lens group becomes too strong to make
correction for aberrations. To make satisfactory correction
for aberrations, additional lenses are needed, resulting 1n an
increase 1n the number of lenses and a failure 1n achieving
size reductions. Exceeding the upper limit to condition (1) is
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preferable because aberrations are easily correctable.
However, the amount of movement of the third lens group
for zooming 1ncreases, resulting in a failure 1n achieving size
reductions.

For the zoom lens system of the invention, it 1s preferable
that the third lens group satisfies condition (2):

0.2<AX 5 /f 7<0.44 (2)

where 1, 1s the focal length of said zoom lens system at the
telephoto end, and AX,, 1s the amount, on the basis of the
wide-angle end, of zooming movement of the third lens
ogroup to the telephoto end.

Condition (2) is provided to reduce the amount of move-
ment of the third lens group at higher magnifications, and
this condition 1s 1mportant to achieve compactness while
high zoom ratios are maintained. When the lower limit to
condition (2) is not reached, the amount of movement of the
third lens group becomes very small and so compactness 1s
achievable. However, the power of the third lens group
becomes too strong to make correction for aberrations. To
make satisfactory correction for aberrations, additional
lenses are needed, resulting in an increase 1n the number of
lenses and a failure 1n achieving size reductions. Exceeding
the upper limit to condition (2) is preferable because aber-
rations are easily correctable. However, the overall length
and telephoto ratio of the zoom lens system at the telephoto
end are on the same level as those of a conventional zoom
lens system; any zoom lens system having a small telephoto
ratio cannot be achieved.

Preferably in the zoom lens system of the invention, the

third lens group should further satisfy the following condi-
tion (3):

1.5<P57/P355<6.0 (3)

where 35+ 1s the transverse magnification of the third lens
oroup at the telephoto end, and {35y 1s the transverse
magnification of the third lens group at the wide-angle end.

Condition (3), too, i1s provided to achieve higher
magnifications, defining the zoom ratio shared by the third
lens group. When the lower limit to condition (3) is not
reached, the zooming range needed for the zoom lens system
of the invention becomes narrows; 1t 1s 1mpossible to
achieve any zoom lens system having higher zoom ratios
that 1s one of the objects of the mvention. When the upper
limit to condition (3) 1s exceeded, on the other hand, it is
difficult to maintain 1mage-formation capabilities while the
amount of zooming movement 1s limited to within the range
defined by condition (2).

More specifically 1n this embodiment, 1t 1s important that
the first lens group comprises a doublet composed of at least
one positive lens having a strong convex surface on its
object side and one double-concave lens or negative menis-
cus lens, the second lens group 1ncludes an aperture stop and
comprises a doublet composed of one negative lens and one
positive lens, and the third lens group comprises a doublet
composed of at least one negative lens having a strong
concave surface on its object side and a positive lens. In this
embodiment of the invention, each lens group comprises at
least a positive lens and a negative lens, so that various
aberrations and chromatic aberration produced at each lens
ogroup can be satisfactorily corrected.

By the “strong” in “a strong convex surface on its object
side” 1n the first lens group 1s intended a convex sur face
having a small absolute value for the radius of curvature of
the surface. Therefore, a lens “having a strong convex
surface on 1ts object side” means that the lens has a convex
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surface having a small radius of curvature on 1ts object side.
The doublet composed of a positive lens and a negative lens
1s broken down 1mto two types, one called a cemented type
wherein two lenses are 1 physical contact with each other,
and another called an air-spaced type wherein two lenses are
in no close contact with each other but are proximately
located with a slight air space located between them. Which
type 1s to be selected depends on the overall lens arrange-
ment of a zoom lens system, a balance between the aberra-
fions corrected, sensitivity to decentration errors, etc.

Then, the construction of each lens group 1s explained.

When the first lens group i1s constructed of a doublet
composed of a positive lens and a negative lens, 1t 1s desired
that at least one aspherical surface is used 1n the first lens
ogroup, so that spherical aberration at the telephoto end can
be satistactorily corrected. Especially when the aspherical
surface 1s used for the object-side surface of the positive
lens, this effect becomes strikingly prominent.

The construction of the second lens group varies depend-
ing on where to locate an aperture stop. As already
explained, however, the second lens group should comprise
at least a doublet composed of a positive lens and a negative
lens. It 1s also desired to use at least one aspherical surface
in the second lens group.

Here, if the aspherical surface 1s used for the surface
located nearest to the object side 1n the second lens group,
it 1s then possible to make satisfactory correction for dis-
tortion and coma. If the doublet 1s made up of a negative lens
and a positive lens 1n order from 1ts object side with an
aspherical surface used for the convex surface located on 1its
image side, it 1s then possible to make satisfactory correction
for all off-axis aberrations. If an aspherical surface 1s used
for the concave surface of a lens located nearest to the 1mage
side of the second lens group and concave with respect to the
aperture stop, it 1s then possible to make satisfactory cor-
rection for various aberrations.

It 1s desired that the aspherical surface be configured in
such a way that the amount of asphericity with respect to a
reference surface increases farther off the optical axis.
Generally 1n this case, the aspherical configuration has no
pomt of inflection. However, 1t 1s understood that the
aspherical configuration may possibly have a point of iflec-
tion depending on what state all aberrations are corrected 1n.

For focusing, it 1s preferable to move the second lens
cgroup 1ntegrally 1n the optical axis direction. The amount of
movement 1n this case 1s small. With the doublet located 1n
the second lens group and a proper power proiile of the
second lens group, however, 1t 1s desired to reduce residual
chromatic aberration by the second lens group itsellf.

If the second lens group 1s constructed symmetrically with
respect to the aperture stop, 1t 1s then possible to place field
curvature under satisfactory control, thereby achieving high
optical performance. Preferably in this case, the zoom lens
system 1s constructed symmetrically with respect to the
aperture stop.

The aperture stop should preferably be located nearest to
the object side of the second lens group or within the second
lens group, although 1t may be located nearest to the 1mage
side of the second lens group. It 1s understood that the
optimum lens arrangement of the second lens group 1is
determined depending on the position of the aperture stop.

The third lens group 1s important to accomplish the object
of the present invention. That 1s, the third lens group must
comprise at least one positive lens and a negative lens that
1s located between the positive lens and the 1mage side of the
third lens group and has a strong concave surface on the
object side of the third lens group.
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Preferably 1n view of correction of aberrations, the third
lens group should comprise three lenses or, 1n order from its
object side, a doublet consisting of one negative lens
(especially, a negative meniscus lens) having a strong con-
cave surface on 1ts object side and a positive lens, and a
negative meniscus lens having a strong concave surface on
its object side. This lens arrangement 1s particularly prefer-
able to satisfactorily keep the 1image-formation capabilities
of the peripheral portion (field curvature at the wide-angle
end of the zoom lens system, etc.).

An aspherical surface or surfaces should be used at least
for the aforesaid surface or surfaces of strong concavity, so
that the image-formation capabilities (of correcting for coma
and astigmatism) at the wide-angle end of the zoom lens
system can be ensured. The use of an aspherical surface for
the surface of the positive lens on the object side enables
coma to be corrected in a well-balanced state, thereby
achieving high magnifications and small telephoto ratios
while aberrations are better corrected.

It 1s here noted that the surface of strong concavity takes
part 1n peripheral performance at the wide-angle end of the
zoom lens system. It 1s thus preferable that when an aspheri-
cal surface 1s used for this surface, the aspherical surface is
coniligured 1n such a way that the amount of asphericity with
respect to a reference surface increases 1n the minus direc-
tion from the optical axis toward the periphery of the zoom
lens system. In some cases, it 1s more preferable that the
aspherical surface 1s configured in such a way that the point
of inflection appears in the vicinity of an effective diameter.

The foregoing are the explanations of the respective lens
ogroups. The use of the aspherical surface 1n the first lens
group 1s primarily effective for correction of spherical
aberration, and the use of the aspherical surface in the third
lens group 1s 1mportant to ensure the 1mage-formation
capabilities, and especially the flatness of the image plane,
of the peripheral portion of the zoom lens system.

When the zoom lens system of the mnvention 1s built up of
four lens groups, the second lens group and the third lens
oroup are designed to move mdependently to make correc-
tion for field curvature variations 1n an intermediate focal
length zone, thereby achieving such a high zoom ratio as
expressed by a magnification of at least 4.

According to another preferable embodiment of the
invention, there 1s provided a zoom lens system comprising,
in order from 1its object side, a first lens group having
positive refracting power, a second lens group having posi-
five refracting power, a third lens group having positive
refracting power and a fourth lens group having negative
refracting power, wherein for zooming from a wide-angle
end to a telephoto end of said zoom lens system, each of said
lens groups moves toward said object side while a separation
between said first lens group and said second lens group
becomes wide and a separation between said third lens
oroup and said fourth lens group becomes narrow.

According to this embodiment of the zoom lens system of
the 1nvention, small telephoto ratios are achieved while high
zoom ratios are kept by the proper determination of the
zoom ratio of the fourth lens group that 1s a main zooming
portion, 1.e., the focal length of the fourth lens group. More
exactly, 1t 1s desired for the fourth lens group to satisiy the
following condition (4):

0.02<|/f,|f<0.3 (4)

Here 1, 1s the focal length of the fourth lens group, and { 1s
the focal length of the zoom lens system at the telephoto end.

Condition (4) is provided to reduce the amount of move-
ment of the zoom lens system at higher magnifications, and
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this condition 1s 1important to reduce the telephoto ratio of
the system at the telephoto end. When the lower limit of 0.02
in condition (4) 1s not reached, the focal length of the fourth
lens group becomes very short and so a power profile
favorable for reducing the telephoto ratio i1s obtained.
However, the power of the fourth lens group becomes too
strong to make correction for aberrations. To make satisfac-
tory correction for aberrations, additional lenses are needed,
resulting 1in an 1ncrease in the number of lenses and a failure
in achieving size reductions. Exceeding the upper limit of
0.3 in condition (4) is preferable because aberrations are
casily correctable. However, the amount of movement of the
fourth lens group for zooming increases, resulting 1n a
failure 1n achieving size reductions.

For the zoom lens system of the invention, it 1s preferable
that the fourth lens group satisfies condition (5):

0.1<AX ,+/f7<0.5 (5)

where 1, 1s the focal length of said zoom lens system at the
telephoto end, and AX, 1s the amount, on the basis of the
wide-angle end, of zooming movement of the fourth lens
ogroup to the telephoto end.

Condition (5) is provided to reduce the amount of move-
ment of the fourth lens group at higher magnifications, and
this condition 1s important to achieve compactness while
high zoom ratios are maintained. When the lower limait of 0.1
in condition (5) is not reached, the amount of movement of
the fourth lens group becomes very small and so compact-
ness 1s achievable. However, the power of the fourth lens
oroup becomes too strong to make correction for aberra-
tions. To make satisfactory correction for aberrations, addi-
fional lenses are needed, resulting 1n an increase 1 the
number of lenses and a failure 1n achieving size reductions.
Exceeding the upper limit of 0.5 1 condition (5) 1s prefer-
able because aberrations are easily correctable. However,
the overall length and telephoto ratio of the zoom lens
system at the telephoto end are on the same level as those of
a conventional zoom lens system; any zoom lens system
having a small telephoto ratio cannot be achieved.

Preferably in the zoom lens system of the invention, the

fourth lens group should further satisty the following con-
dition (6):

1.5<P 47/ P4ss<6.0 (6)

where {3, 1s the transverse magnification of the fourth lens
group at the telephoto end, and [3, 1s the transverse
magnification of the fourth lens group at the wide-angle end.

Condition (6), too, i1s provided to achieve higher
magnifications, defining the zoom ratio shared by the fourth
lens group. When the lower limit of 1.5 in condition (6) is
not reached, the zooming range needed for the zoom lens
system of the invention becomes narrows; it 1s impossible to
achieve any zoom lens system having higher zoom ratios
that 1s one of the objects of the mvention. When the upper
limit of 6.0 in condition (6) is exceeded, on the other hand,
it 1s difficult to maintain 1mage-formation capabilities while
the amount of zooming movement 1s limited to within the
range defined by condition (5).

More speciiically 1n this embodiment, it 1s important that
the first lens group comprises a doublet composed of at least
one positive lens and a negative lens, the second lens group
includes an aperture stop and comprises at least one negative
lens, the third lens group comprises a doublet composed of
a negative lens and a positive lens, and the fourth lens group
comprises at least a negative lens and a positive lens. With
such an arrangement, the overall length of the lens system
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can be shortest at the wide-angle end. An additional advan-
tage of this arrangement 1s that even when, for instance, the
second and third lens groups are designed to move for
focusing, 1t 1s possible to reduce the amount of focusing
movement. This advantage makes 1t unnecessary to provide
a space larger than required between the first lens group and
the second lens group. With this arrangement, 1t 1s thus
possible to achieve compactness efficiently.

In addition, the separation between the first lens group and
the second lens group becomes wide 1n a telephoto mode,
and so there 1s no possible mechanical interference between
both lens groups even when the amount of focusing move-
ment of the second lens group increases. It 1s here noted that
the sensitivity of the separation between the second lens
oroup and the third lens group to the image plane tends to
increase, and so each lens group should be designed 1n such
a way that its holding accuracy can be ensured.

More preferably in this embodiment, a positive lens 1s
added to the second lens group, so that each lens group
comprises at least a positive lens and a negative lens,
because various aberrations and chromatic aberration pro-
duced at each lens group can be satisfactorily corrected. The
doublet, when composed of a positive lens and a negative
lens, 1s broken down 1nto two types, as already explained.
Which type 1s to be selected depends on the overall lens
arrangement of a zoom lens system, a balance between the
aberrations corrected, sensifivity to decentration errors, efc.

Then, the construction of each lens group 1s explained.

When the first lens group 1s constructed of a doublet
composed of a positive lens and a negative lens, it 1s desired
that at least one aspherical surface 1s used in the first lens
ogroup, so that spherical aberration at the telephoto end can
be satisfactorily corrected. Especially when the aspherical
surface 1s used for the object-side surface of the positive
lens, this effect becomes strikingly prominent.

The construction of the second lens group varies depend-
ing on where to locate an aperture stop. As already
explained, however, the second lens group should comprise
a negative lens. It 1s desired to use at least one aspherical
surface 1n the second lens group. Here, if the aspherical
surface 1s used for the surface located nearest to the object
side 1 the second lens group, it is then possible to make
satistactory correction for distortion and coma.

It 1s desired that the aspherical surface be configured 1n
such a way that the amount of asphericity with respect to a
reference surface 1increases from the optical axis 1n the outer
diameter direction. Generally 1n this case, the aspherical
conflguration has no point of inflection. However, 1t 1s
understood that the aspherical configuration may possibly
have a point of inflection depending on what state all
aberrations are corrected 1n.

In consideration of the fact that the second lens group 1s
moved for focusing in the optical axis direction, 1t 1is
preferable to reduce residual chromatic aberration by the
second lens group itself. The amount of movement 1 this
case 1s small. To make satistactory correction for the residual
chromatic aberration, however, it 1s of importance to locate
a doublet 1n the second lens group and impart a proper power
proiile thereto.

The aperture stop should preferably be located nearest to
the object side of the second lens group or within the second
lens group, although it may be located nearest to the 1mage
side of the second lens group. It 1s understood that the
optimum lens arrangement of the second lens group 1is
determined depending on the position of the aperture stop.

In consideration of the fact that the third lens group may
move together with the second lens group for focusing, it 1s




US 6,327,100 Bl

13

preferable that the third lens group 1s composed of a doublet
consisting of a positive lens and a negative lens, thereby
correcting for the residual chromatic aberration by itself. It
1s here noted that when the doublet 1s made up of a negative
lens and a positive lens 1n order from the object side of the
third lens group while an aspherical surface 1s used for the
convex surface located nearest to its image side, all off-axis
aberrations can be satistactorily corrected. If an aspherical
surface 1s used for the surface of the lens that is convex with
respect to the aperture stop 1n the second lens group, various
aberrations can then be satistactorily corrected.

For instance, if the second and third lens groups are
constructed symmetrically with respect to the aperture stop,
it 1s then possible to place field curvature under satisfactory
control, thereby achieving high optical performance. Pref-
erably 1n this case, the zoom lens system 1s constructed
symmetrically with respect to the aperture stop.

The fourth lens group 1s important to accomplish the
object of the present invention. That is, the fourth lens group
must comprise at least one positive lens and a negative lens
that 1s located between the positive lens and the 1mage side
of the third lens group and has a strong concave surface on
the object side of the third lens group.

Preferably in view of correction of aberrations, the fourth
lens group should comprise three lenses or, in order from its
object side, a doublet consisting of one negative lens
(especially, a negative meniscus lens) having a strong con-
cave surface on 1its object side and a positive lens, and a
negative meniscus lens having a strong concave surface on
its object side. This lens arrangement 1s particularly prefer-
able to satisfactorily keep the 1mage-formation capabilities
of the peripheral portion (field curvature, etc.).

An aspherical surface or surfaces should be used at least
for the aforesaid surface or surfaces of strong concavity, so
that the image-formation capabilities (of correcting for coma
and astigmatism) at the wide-angle end of the zoom lens
system can be ensured. The use of an aspherical surface for
the surface of the positive lens on the object side enables
coma to be corrected in a well-balanced state, thereby
achieving high magnifications and small telephoto ratios
while aberrations are better corrected.

It 1s here noted that the surface of strong concavity takes
part 1n peripheral performance at the wide-angle end of the
zoom lens system. It 1s thus preferable that when an aspheri-
cal surface 1s used for this surface, the aspherical surface 1s
coniigured 1n such a way that the amount of asphericity with
respect to a reference surface increases in the minus direc-
fion from the optical axis toward the periphery of the zoom
lens system. In some cases, it 1s more preferable that the
aspherical surface 1s configured in such a way that the point
of 1nflection appears 1n the vicinity of an effective diameter.

The foregoing are the explanations of the respective lens
ogroups. The use of the aspherical surface in the first lens
oroup 1s primarily effective for correction of spherical
aberration, and the use of the aspherical surface i1n the fourth
lens group 1s 1mportant to ensure the image-formation
capabilities, and especially the flatness of the 1image plane,
of the peripheral portion of the zoom lens system.

The “strong” 1n “a strong convex surface on 1its object
side” 1n the fourth lens group has the same meanings as
already explained.

According to yet another preferable embodiment of the
invention, there i1s provided a zoom lens system of four-
group construction, comprising a first lens group having
positive refracting power, a second lens group having nega-
five refracting power, a third lens group having positive
refracting power and a fourth lens group having negative
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refracting power, wherein for zooming from a wide-angle
end to a telephoto end of said zoom lens system, each of said
lens groups moves toward said object side while a separation
between said first lens group and said second lens group
becomes wide and a separation between said third lens
oroup and said fourth lens group becomes narrow.

In this embodiment of the zoom lens system of the
invention, it 1s desired for the fourth lens group to satisiy the
following condition (7):

0.02<|f,|/f;<0.3 (7)

Here 1, 1s the focal length of the fourth lens group, and £ 1s
the focal length of the zoom lens system at the telephoto end.

Condition (7) is provided to reduce the amount of move-
ment of the zoom lens system at higher magnifications, and
this condition 1s important to reduce the telephoto ratio of
the system at the telephoto end. When the lower limit of 0.02
in condition (7) 1s not reached, the focal length of the fourth
lens group becomes very short and so a power profile
favorable for reducing the telephoto ratio 1s obtained.
However, the power of the fourth lens group becomes too
strong to make correction for aberrations. To make satisfac-
tory correction for aberrations, additional lenses are needed,
resulting 1n an increase 1n the number of lenses and a failure
in achieving size reductions. Exceeding the upper limit of
0.3 in condition (7) is preferable because aberrations are
casily correctable. However, the amount of movement of the
fourth lens group for zooming increases, resulting 1n a
failure 1n achieving size reductions.

For the zoom lens system of the invention, it 1s preferable
that the fourth lens group satisfies condition (8):

0.2<AX ,7/f<0.6 (8)

where 1, 1s the focal length of said zoom lens system at the
telephoto end, and AX, - 1s the amount, on the basis of the
wide-angle end, of zooming movement of the fourth lens
ogroup to the telephoto end.

Condition (8) is provided to reduce the amount of move-
ment of the fourth lens group at higher magnifications, and
this condition 1s 1mportant to achieve compactness while
high zoom ratios are maintained. When the lower limit of 0.2
in condition (8) 1s not reached, the amount of movement of
the fourth lens group becomes very small and so compact-
ness 1s achievable. However, the power of the fourth lens
oroup becomes too strong to make correction for aberra-
tions. To make satisfactory correction for aberrations, addi-
tional lenses are needed, resulting 1n an increase in the
number of lenses and a failure 1n achieving size reductions.
Exceeding the upper limit of 0.6 in condition (8) is prefer-
able because aberrations are easily correctable. However,
the overall length and telephoto ratio of the zoom lens
system at the telephoto end are on the same level as those of
a conventional zoom lens system; any zoom lens system
having a small telephoto ratio cannot be achieved.

Preferably 1n the zoom lens system of the mvention, the

fourth lens group should further satisty the following con-
dition (9):

1.5<P 47/ Pass<6.0 (9)

where {3, 15 the transverse magnification of the fourth lens
oroup at the telephoto end, and {3, 1s the transverse
magnification of the fourth lens group at the wide-angle end.

Condition (9), too, 1s provided to achieve higher
magnifications, defining the zoom ratio shared by the fourth
lens group. When the lower limit of 1.5 in condition (9) is
not reached, the zooming range needed for the zoom lens
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system of the 1nvention becomes narrows; 1t 1s 1mpossible to
achieve any zoom lens system having higher zoom ratios
that 1s one of the objects of the invention. When the upper
limit of 6.0 in condition (9) is exceeded, on the other hand,
it 1s difficult to maintain 1mage-formation capabilities while
the amount of zooming movement 1s limited to within the
range defined by condition (8).

As 1s the case with the aforesaid zoom lens system of
+++— construction, 1t 1s important in this zoom lens system
that the first lens group comprises a doublet composed of at
least one positive lens and a negative lens, the second lens
oroup Includes an aperture stop and comprises at least one
negative lens, the third lens group comprises a doublet
composed of a negative lens and a positive lens, and the
fourth lens group comprises at least a negative lens and a
positive lens. With such an arrangement, the overall length
of the lens system can be shortest at the wide-angle end. For
instance, even when focusing 1s effected at the wide-angle
end with the second and third lens groups, 1t 1s possible to
reduce the amount of focusing movement. This advantage
makes 1t unnecessary to provide a space larger than required
between the first lens group and the second lens group. With
this arrangement, 1t 1s thus possible to achieve compactness
cihiciently.

In addition, the separation between the first lens group and
the second lens group becomes wide 1n a telephoto mode,
and so there 1s no possible mechanical interference between
both lens groups even when the amount of focusing move-
ment of the second lens group increases at the telephoto end.
It 1s here noted that the sensitivity of the separation between
the second lens group and the third lens group to the image
plane tends to increase, and so each lens group should be
designed 1n such a way that 1ts holding accuracy can be
ensured.

More preferably 1n this embodiment, a positive lens 1s
added to the second lens group, so that each lens group
comprises at least a positive lens and a negative lens,
because various aberrations and chromatic aberration pro-
duced at each lens group can be satisfactorily corrected. The
same holds of when the doublet 1s composed of a positive
lens and a negative lens.

Then, the construction of each lens group 1s explained.

The first lens group 1s the same as that 1n the four-group
zoom lens system of +++— construction.

The construction of the second lens group varies depend-
ing on where to locate an aperture stop. As already
explained, however, the second lens group should comprise
a negative lens. It 1s desired to use at least one aspherical
surface 1n the second lens group. Here, if the aspherical
surface 1s used for the surface located nearest to the object
side 1n the second lens group, it 1s then possible to make
satisfactory correction for distortion and coma.

For the use of aspherical surfaces, the integral movement
for focusing of the second lens group 1n the optical axis
direction, the position of the aperture stop, the focusing
movement of the third lens group together with the second
lens group, and the symmetry of the third and second lens
ogroups with respect to the aperture stop, see the explanations
made 1n conjunction with the aforesaid four-group zoom
lens system of +++— construction.

For the fourth lens group, too, see the explanation made
in conjunction with the aforesaid four-group zoom lens
system of +++— construction.

According to a further embodiment of the zoom lens
system of the invention, there 1s provided a zoom lens
system comprising at least five lens groups wherein each
lens group 1s so movable that field curvature variations in an
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intermediate focal zone can be corrected. In some cases, lens
ogroups that move together on a driving mechanism may also
be located.

More specifically, there 1s provided a zoom lens system
comprising a {irst lens group that has positive or negative
refracting power and 1s located nearest to an object side of
the zoom lens system and a final lens group located nearest
to an 1mage side of the zoom lens system or at least five lens
groups 1n all, wherein for zooming from a wide-angle end to
a telephoto end of the zoom lens system, each of said zoom
lens group moves toward said object side while the follow-
ing condition (10) 1s satisfied:

0.02<|f, |/f,<0.3 (10)

Here 1, 1s the focal length of the final lens group, and {, 1s
the focal length of the zoom lens system at the telephoto end.
Condition (10) is important to reduce the length of the
zoom lens system at the telephoto end. When the lower limat
of 0.02 1s not reached, the focal length of the final lens group
becomes very short and so a power profiile favorable for size
reductions 1s obtained. However, 1t 1s difficult to make
correction for aberrations, and the number of lenses becomes
larger than required. Exceeding the upper limit of 0.3 is
preferable because aberrations are easily correctable.
However, the amount of zooming movement of the final lens
group increases in relation to the following condition (11),
resulting 1n a failure 1 achieving size reductions.

It 1s preferable that the first lens group comprises a
doublet composed of at least one positive lens and a negative
lens as already explained, and the final lens group comprises
at least a negative lens and a positive lens.

With such a zoom arrangement, the overall length of the
lens system can be shortest at the wide-angle end. For
instance, even when inner focusing 1s effected at the wide-
angle end, it 1s possible to reduce the amount of focusing,
movement. This advantage makes it unnecessary to provide
a space larger than required between the lens groups, result-
ing 1n efficient size reductions. On the other hand, the
sensitivity of the moving separation between the focusing
lens groups with respect to the image plane (focusing
sensitivity) tends to increase, and so accuracy should be
ensured.

When the amount of movement of the zoom lens system
1s reduced while higher magnifications are achieved, it is
preferable that the following condition (11) is satisfied:

0.1<AX, /fr<0.7 (11)

where 1, 1s the focal length of said zoom lens system at the
telephoto end, and AX, - 1s the amount, on the basis of the
wide-angle end, of zooming movement of the final lens
ogroup to the telephoto end.

For a zoom lens system wherein the telephoto ratio at the
telephoto end 1s reduced while high zoom ratios are
maintained, 1t 1s a requisite to increase the power of the final
lens group having negative refracting power. Exceeding the
upper limit of 0.7 in condition (11) is contrary to the purpose
of the present mvention, because. However, the overall
length of the zoom lens system at the telephoto end 1s on the
same level as that of a conventional zoom lens system. When
the lower limit of 0.1 1s not reached, on the other hand, size
reductions are achievable. However, 1t 1s very difficult to
make correction for aberrations; any desired i1mage-
formation capabilities are not achievable.

Preferably in the zoom lens system of the invention, the
following condition (12) is satisfied:

1.5<B; +/B; 1<6.0 (12)



US 6,327,100 Bl

17

where [3; - 1s the transverse magnification of the final lens
group at the telephoto end, and f3,, 18 the transverse
magnification of the final lens group at the wide-angle end.

Condition (12), too, is provided to achieve higher
magnifications, defining the zoom ratio shared by the final
lens group. When the lower limit of 1.5 in condition (12) is
not reached, the zooming range needed for the zoom lens
system of the invention becomes narrows; it 1s impossible to
achieve any zoom lens system having higher zoom ratios
that 1s one of the objects of the mnvention. When the upper
limit of 6.0 in condition (12) is exceeded, on the other hand,
it 1s difficult to maintain 1mage-formation capabilities while
the amount of zooming movement 1s limited to within the
range defined by condition (11), although a paraxial solution
may be obtained.

For the zoom lens system with the predetermined power
proiile and proper lens arrangement of each lens group, 1t 1s
a requisite that the first lens group comprise at least one
positive or negative lens and the second lens group comprise
at least a negative lens and a positive lens. To reduce
aberration variations during zooming and focusing, it 1s
particularly preferable to reduce various aberrations and
chromatic aberration produced at each lens group, as
explained below.

The optimum lens arrangement must be envisaged for
image-formation capabilities. It 1s understood that proper
combinations of lens arrangements with optical elements are
actually needed to maintain the 1mage-formation capabili-
ties. In the present invention, the first lens group comprises
at least a positive or negative lens. By use of at least one
aspherical surface, 1t 1s possible to make satisfactory cor-
rection for spherical aberration in the telephoto zone. The
final lens group must comprise at least one positive lens and
one negative lens. When the value of condition (10) is small,
the final lens group should preferably comprise three lenses
or one negative lens, a positive lens and a negative lens. This
1s particularly important to maintain the image-formation
capabilities of the peripheral portion on the wide-angle side.
In view of correction of field curvature in a wide-angle zone,
it 1s preferable to use an aspherical surface of the concave
surface of the negative lens on 1ts object side or the surface
of the positive lens on its image side. For the final lens group
of three or —+- lenses, an aspherical surface has a great
cifect on the peripheral performance on the wide-angle side
when used for the concave surface of the third negative lens
on 1ts object side. By use of at least one or two aspherical
surfaces, 1t 1s easy to achieve an optical system ensuring the
image-formation capabilities on the wide-angle side. In
particular, one or two such aspherical surfaces has relation
to the peripheral performance in the wide-angle zone, and so
tend to increase 1n the amount of asphericity.

To achieve the optical system according to the present
invention 1n view of the foregoing, it 1s more desired to
satisfy the requirements shown 1n the following examples.

Examples 1 to 30 of the present invention will now be
explained.

EXAMPLE 1

Example 1 1s directed to a zoom lens system having a
zoom ratio of 3.4 and consisting of three lens groups or eight
lenses 1n all, as shown FIGS. 1(a), 1(b) and 1(c) that are
sectional lens arrangement views of the zoom lens system at
its wide-angle end (a), intermediate setting (b) and telephoto
end (c). FIGS. 2(a), 2(b) and 2(c) are aberration diagrams for
the zoom lens system at its wide-angle end (a), intermediate
setting (b) and telephoto end (c). More exactly, FIGS. 2(a),
2(b) and 2(c) show spherical aberration SA, astigmatism AS,
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distortion DT and chromatic aberration of magnification CC
of the zoom lens system at its wide-angle end (a), interme-
diate setting (b) and telephoto end (c). The same will apply
hereinafter. In FIGS. 2(a), 2(b) and 2(c), “IH” stands for an
image height.

In this example, the first lens group consists of, 1n order
from 1ts object side, a double-convex lens having a strong
concave surface toward the object side and a double-
concave lens which form together a doublet with a slight
space located therebetween. The second lens group consists
of, in order from 1its object side, a negative meniscus lens
concave on the object side, an aperture stop and a positive
cemented doublet made up of a negative meniscus lens
convex on 1ts object side and a double-convex lens. The third
lens group consists of, in order from 1ts object side, an
air-spaced doublet made up of a negative meniscus lens
having a strong concave surface its the object side and a
positive meniscus lens having a strong convex surface on its
image side with a slight space located between both lenses
and a negative meniscus lens having a strong concave
surface on 1ts object side.

For zooming from the wide-angle end to the telephoto end
of the zoom lens system, the separation between the first lens

croup and the second lens group becomes wide and the
separation between the second lens group and the third lens
ogroup becomes narrow. In a telephoto mode, the cemented
positive doublet located nearest to the 1mage side in the
second lens group 1s engaged within the concavity of the
negative meniscus lens located nearest to the object side 1n
the third lens group.

The zoom lens system according to this example has a
telephoto ratio of 0.657 at the telephoto end, which 1s much
smaller than that of a conventional lens system, so that
sufficient size reductions can be achieved.

In this example, one aspherical surface 1s used for the
object-side surface of the positive lens 1n the first lens group
to make good correction for spherical aberration. In the
second lens group, one aspherical surface 1s used for the
object-side surface of the negative meniscus lens located
nearest to the object side 1n the second lens group to make
cgood correction for distortion, and another aspherical sur-
face 1s used for the 1mage-side surface of the positive lens in
the doublet located between the stop and the 1mage side to
make well-balanced correction for off-axis aberrations.

The third lens group comprises an air-spaced doublet
made of a negative meniscus lens and a positive meniscus
lens with a slight space located between both lenses, as
already explaimned. However, 1t 1s noted that a cemented
doublet may be used as this air-spaced doublet. By locating
this doublet nearest to the object side 1n the third lens group,
it 1s then possible to make particularly effective correction

for aberrations at the wide-angle end.

By using one aspherical surface for the objet-side, strong,
concave surface of the doublet-forming negative meniscus
lens, it 1s possible to make better correction for aberrations
at the wide-angle end. Besides, one aspherical surface 1s
used for the object-side surface of the negative meniscus
lens located on the 1mage side of the positive meniscus lens
to make good correction for field curvature. It 1s here

acceptable to use one aspherical surtface for the 1mage side
of the doublet-forming positive menaces lens.

It 1s noted that the aspherical surface used for the object
side of the doublet-forming negative meniscus lens tends to
increase 1n the amount of asphericity with an increasing
outer diameter (from the optical axis to its periphery).

EXAMPLE 2

As 1s the case with Example 1, Example 2 1s directed to
a zoom lens system having a zoom ratio of 3.4 and consist-
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ing of three lens groups or eight lenses 1n all, as shown 1n
FIGS. 3(a), 3(b) and 3(c) that are sectional lens arrangement
views of the zoom lens system at its wide-angel end (a),
intermediate setting (b) and telephoto end (c). FIGS. 4(a),
4(b) and 4(c) are aberration diagrams for the zoom lens

system at its wide-angel end (a), intermediate setting (b) and
telephoto end (c).

An explanation of the zoom lens system according to this
example 1s omitted because the arrangements of the first,
second and third lens groups and where to use aspherical
surfaces are the same as in Example 1.

The zoom lens system according to this example has a
somewhat larger F-number as compared with Example 1.
However, this zoom lens system has a small telephoto ratio
of 0.636 at its telephoto end. Thus, the telephoto ratio is
much smaller than that of a conventional lens system as in
Example 1, so that sufficient size reductions are achievable.

EXAMPLE 3

As 1s the case with Example 1, Example 3 1s directed to
a zoom lens system having a zoom ratio of 3.4 and consist-
ing of three lens groups or eight lenses 1n all, as shown 1n
FIGS. 5(a), 5(b) and 5(c) that are sectional lens arrangement
views of the zoom lens system at its wide-angel end (a),
intermediate setting (b) and telephoto end (c). FIGS. 6(a),
6(b) and 6(c) are aberration diagrams for the zoom lens
system at its wide-angel end (a), intermediate setting (b) and
telephoto end (c).

An explanation of the zoom lens system according to this
example 1s again omitted because the arrangements of the
first, second and third lens groups and where to use aspheri-
cal surfaces are the same as 1n Example 1.

The zoom lens system according to this example has a
somewhat larger F-number as compared with Example 1.
However, this zoom lens system has a small telephoto ratio
of 0.632 at its telephoto end. Thus, the telephoto ratio is
much smaller than that of a conventional lens system as in
Example 1, so that sufficient size reductions are achievable.

In the zoom lens system of this example, the balance
between various aberrations are generally satistactory. Due
to the large refracting power of each lens group, however,
the amount of chromatic aberration of magnification remain-
ing at the wide-angle end 1s somewhat large.

EXAMPLE 4

Example 4 1s directed to a zoom lens system having a
zoom ratio of 3.9 and consisting of three lens groups or nine
lenses in all, as shown in FIGS. 7(a), 7(b) and 7(c) that are
sectional lens arrangement views of the zoom lens system at
its wide-angel end (a), intermediate setting (b) and telephoto
end (c). FIGS. 8(a), 8(b) and 8(c) are aberration diagrams for
the zoom lens system at its wide-angel end (a), intermediate
setting (b) and telephoto end (c).

In this example, the first lens group consists of, 1n order
from 1its object side, a double-convex lens having a strong
convex surface on 1ts object side and a double-concave lens
which form together an air-spaced doublet with a slight
space located therebetween. The second lens group consists
of, in order from 1its object side, a negative meniscus lens
concave on 1ts object side, an aperture stop, a double-convex
lens and a positive cemented doublet consisting of a nega-
five meniscus lens convex on 1ts object side and a double-
conveXx lens. The third lens group consists of, in order from
its object side, a negative lens having a strong concave
surface on 1ts object side and an opposite, substantially plane
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surface and a double-convex lens having a strong convex
surface on 1ts 1mage side, which form together an air-spaced
doublet with a slight space located therebetween, and a
negative meniscus lens having a strong concave surface on
its object side.

The zoom lens system of this example has a higher zoom
ratio and a longer focal length at the telephoto end, as
compared with Example 1. However, this zoom lens system
has a small telephoto ratio of 0.637 at the telephoto end.
Thus, the telephoto ratio 1s much smaller than that of a
conventional lens system as 1n Example 1, so that sufficient
size reductions are achievable.

According to this example, the telephoto ratio can thus be
kept small while the zoom ratio 1s magnified. This 1s because
the second lens group further contains one double-convex
lens unlike the second lens group in Example 1. This
double-convex lens is located just in the rear (or on the
image side) of the aperture stop, and one aspherical surface
1s used for 1ts object-side surface, so that spherical aberration
1s prevented from becoming worse at the telephoto end and,
hence, the zoom ratio can be magnified while the aberration
1s prevented from becoming worse.

An anomalous dispersion glass having a low refractive
index and low dispersion 1s used for the double-convex lens
in the first lens group to reduce the amount of longitudinal
chromatic aberration produced, and a high-index special
flint glass (having a relatively high refractive index and a
low Abbes number) is used for the positive meniscus lens in
the third lens group to achieve performance improvements

by making use of anomalous dispersion.

Regarding the use of aspherical surfaces, this example 1s
the same as Example 1 1n terms of the first lens group. This
1s also true of the second lens group with the exception of the
additional double-convex lens. In the third lens group, one
aspherical surface 1s used for the object-side surface of the
negative meniscus lens on its image side in Example 1
whereas one aspherical surface 1s used for the image-side
surface of the double-convex lens 1n this example. It 1s noted
that longitudinal spherical aberration and longitudinal chro-
matic aberration of magnification are better corrected 1n this
example than in Example 1.

EXAMPLE 5

Example 5 1s directed to a zoom lens system having a
zoom ratio of 3.9 and consisting of three lens groups or nine
lenses 1n all, as shown in FIGS. 9(a), 9(b) and 9(c) that are
sectional lens arrangement views of the zoom lens system at
its wide-angel end (a), intermediate setting (b) and telephoto
end (c). FIGS. 10(a), 10(b) and 10(c) are aberration dia-
grams for the zoom lens system at its wide-angle end (a),
intermediate setting (b) and telephoto end (c).

In this example, the first lens 1n the first lens group i1s
made of a crown fluoride glass (having a low refractive
index and an large Abbes number). This example is also
different from Example 4; the doublet in each of the first and
third lens groups in Example 4 1s an air-spaced doublet with
a slight space located between two lenses whereas that 1n
this example 1s a cemented doublet, and a doublet 1n the third
lens group consists of a negative meniscus lens and a
posifive meniscus lens. An explanation of other lens
arrangements and where to use aspherical surfaces 1s omit-
ted because of being the same as 1n Example 4.

The zoom lens system of this example has an F-number
somewhat smaller than that of Example 4, and has a tele-
photo ratio of 0.641 at the telephoto end. The telephoto ratio
1s much smaller than that of a conventional lens system as
in Example 1, so that satistactory size reductions are achiev-

able.
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Since the doublet 1in each of the first and third lens groups
1s a cemented doublet, well-balanced 1mage-formation capa-
bilities are obtained. For instance, chromatic aberration of
magnification 1s improved at the wide-angle end. A common
crown fluoride lens (having a low refractive index and a
large Abbe’s number) is used for the first lens in the first lens

group.
EXAMPLE 6

Example 6 1s directed to a zoom lens system having a
zoom ratio of 3.9 and consisting of three lens groups or ten
lenses 1n all, as shown 1 FIGS. 11(a), 11(b) and 11(c) that
are sectional lens arrangement views of the zoom lens
system at its wide-angel end (a), intermediate setting (b) and
telephoto end (c). FIGS. 12(a), 12(b) and 12(c) are aberra-
tion diagrams for the zoom lens system at its wide-angle end
(a), intermediate setting (b) and telephoto end (c).

In this example, the first lens group consists of, 1n order
from 1ts object side, a cemented doublet made up of a
double-convex lens having a strong convex surface on its
object side and a double-concave lens. The second lens
ogroup consists of, 1n order from its object side, a negative
meniscus lens concave on its object side, an aperture stop, a
positive cemented doublet made up of a double-convex lens
and a negative meniscus lens, and a positive cemented
doublet made up of a negative meniscus lens convex on its
object side and a double-convex lens. The third lens group
consists of, 1n order from 1its object side, a cemented doublet
made up of a negative meniscus lens having a strong
concave surface on its object side and a positive meniscus
lens having a strong convex surface on its 1image side, and
a negative meniscus lens having a strong concave surface on
its object side.

The zoom lens system of this example has much the same
specification as in Example 4, and has a small telephoto ratio
of 0.643 at the telephoto end. The telephoto ratio 1s much
smaller than that of a conventional lens system as in
Example 1, so that satisfactory size reductions are achiev-

able.

In the zoom lens system of this example, the positive lens
in the second lens group which 1s located just in the rear of
the aperture stop 1s characterized by being made up of a
cemented doublet consisting of a positive lens and a nega-
five lens, with a reduced difference 1 dispersion therebe-
tween. This characteristic feature makes a great contribution
to 1mage plane correction. For 1nstance, field curvature at the
wide-angle end 1s well corrected so that the sagittal plane
can be 1n substantial coincidence with the meridional plane.

Regarding the use of aspherical surfaces, this example 1s
the same as 1n Example 4 1n terms of the first and third lens
ogroups. This 1s also true of the second lens group with the
exception that one aspherical surface 1s used for the object-
side surface of the cemented doublet located just 1n the rear
of the stop.

EXAMPLE 7

Example 7 1s directed to a zoom lens system having a
zoom ratio of 3.9 and consisting of three lens groups or ten
lenses 1n all, as shown 1 FIGS. 13(a), 13(b) and 13(c) that
are sectional lens arrangement views of the zoom lens
system at its wide-angel end (a), intermediate setting (b) and

telephoto end (¢). FIGS. 14(a), 14(b) and 14(c) are aberra-

tion diagrams for the zoom lens system at its wide-angle end
(a), intermediate setting (b) and telephoto end (c).

A difference between this example and Example 6 1s that
one aspherical surface 1s used for the image-side surface of
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the positive meniscus lens 1n the third lens group 1n Example
6 whereas one aspherical surface 1s used for the object-side
surface of a negative meniscus lens on the 1mage side 1n this
example. An explanation of other lens arrangements and
where to use aspherical surfaces 1s omitted because of being
the same as in Example 6.

The zoom lens system of this example 1s substantially
similar to Example 6 1n terms of zoom ratio and F-number,
and has a telephoto ratio of 0.651 at the telephoto end. The
telephoto ratio 1s much smaller than that of a conventional
lens system as Example 1, so that satisfactory size reduc-
tions are achievable.

Apart from the aperture stop (r6), a flare stop rl0 for
cutting off flare light produced by aberrations 1s located 1n
the second lens group.

EXAMPLE 8

Example 8 1s directed to a zoom lens system having a
zoom rat1o of 3.9 and consisting of three lens groups or nine
lenses 1n all, as shown in FIGS. 15(a), 15(b) and 15(c¢) that
are sectional lens arrangement views of the zoom lens
system at its wide-angel end (a), intermediate setting (b) and
telephoto end (¢). FIGS. 16(a), 16(b) and 16(c) are aberra-
tion diagrams for the zoom lens system at 1ts wide-angle end
(a), intermediate setting (b) and telephoto end (c).

In this example, the first lens group consists of, 1n order
from 1ts object side, a cemented doublet made up of a
double-convex lens having a strong convex surface on its
object side and a double-concave lens. The second lens
oroup consists of, 1in order from its object side, an aperture
stop, a double-concave lens, a double-convex lens and a
positive cemented doublet made up of a negative meniscus
lens convex on 1ts object side and a double-convex lens. The
third lens group consists of, in order from 1ts object side, an
air-spaced doublet made up of a negative meniscus lens
having a strong concave lens on 1ts object side and a positive
meniscus lens having a strong convex surface on its 1mage
side with a slight space located therebetween, and a negative
meniscus lens having a strong concave surface on its object
side.

The zoom lens system of this example has much the same
specification as in Example 4, and has a small telephoto ratio
of 0.694 at the telephoto end. The telephoto ratio 1s much
smaller than that of a conventional lens system as in
Example 1, so that satisfactory size reductions are achiev-

able.

The zoom lens system of this example 1s characterized 1n
that the aperture stop 1s located nearest to the object side 1n
the second lens group, thereby simplifying the mechanical
structure of the second lens group.

In the first lens group, one aspherical surface 1s used for
the object-side surface of the positive lens. In the second
lens group, four aspherical surfaces are used, one for the
object-side surface of the double-concave lens located just in
the rear of the aperture stop, two for both surfaces of the
double-convex lens on the 1mage side thereof, and one for
the object-side surface of the double-concave lens located
just 1n the rear of the aperture stop. In the third lens groups,
aspherical surfaces are used for the object-side surfaces of
all lenses.

The zoom lens system of this example 1s more simplified
in terms of lens arrangements as compared with Example 6.
Accordingly, some increase in the amount of movement of
cach lens group during zooming 1s acceptable, and 1mage-
formation capabilities are maintained by use of more
aspherical surfaces.
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EXAMPLE 9

As 1n the case of Example 8, Example 9 1s directed to a
zoom lens system having a zoom ratio of 3.9 and consisting

of three lens groups or nine lenses 1 all, as shown 1n FIGS.
17(a), 17(b) and 17(c) that are sectional lens arrangement
views of the zoom lens system at its wide-angel end (a),
intermediate setting (b) and telephoto end (c¢). FIGS. 18(a),
18(b) and 18(c) are aberration diagrams for the zoom lens
system at its wide-angel end (a), intermediate setting (b) and
telephoto end (c).

An explanation of the arrangements of the first, second
and third lens groups and where to use aspherical surfaces 1s
omitted because of being the same as in Example 8.

The zoom lens system of this example 1s smaller than that
of Example 8 1 terms of the amount of movement of each
lens group during zooming. This is because the aspherical
surfaces are more effectively used.

The zoom lens system of this example has a small
telephoto ratio of 0.718 at the telephoto end. As 1s the case
with Example 1, the telephoto ratio 1s much smaller than that

of a conventional lens system, so that satisfactory size
reductions are achievable.

EXAMPLE 10

Example 10 1s directed to a zoom lens system having a
focal length of 39.0 to 131 mm and an aperture ratio of
1:4.54 to 11.74, and consisting of four lens groups or nine

lenses in all, as shown in FIGS. 19(a), 19(b) and 19(c).

The first lens group G1 consists of a doublet (not
cemented) made up of a positive meniscus lens having a
strong concave surface on its object side and a negative
meniscus lens convex on its object side. The second lens
group G2 consists of a doublet (not cemented) made up of
a double-convex positive lens and a negative meniscus lens
convex on 1ts 1image side, with an aperture stop located 1n the
rear of the doublet. The third lens group G3 consists of a
cemented doublet made up of a negative meniscus lens
convex on 1ts object side and a double-convex positive lens.
The fourth lens group G4 consists of a non-cemented
doublet made up of a negative meniscus lens having a strong
concave surface on its object side and a positive meniscus
lens having a strong convex surface on its 1image side, and
a negative meniscus lens having a strong concave surface on
its object side. In the first lens group G1, one aspherical
surface 1s used for the object-side surface of the positive
meniscus lens. In the second lens group G2 one aspherical
surface 1s used for the object-side surface of the double-
convex posifive lens, and in the third lens group G3 one
aspherical surface 1s used for the surface located nearest to
the 1mage side. In the fourth lens group G4 having large
power, two aspherical surfaces are used, one for the strong,
concave surface of the first negative meniscus lens and
another for the strong concave surface of the final negative
meniscus lens. The aspherical surfaces in the fourth lens
oroup G4 are very important to make correction for field
curvature at the wide-angle zone. The zoom lens system has
a telephoto ratio of 0.68 at the telephoto end.

The aberration diagrams for this example are shown in
FIGS. 20(a), 20(b) and 20(c), from which it is found that
while the magnitude of chromatic aberration of magnifica-
tfion at the wide-angle end 1s somewhat unsatisfactory, other
aberrations are corrected 1 a very well-balanced state. In
particular, astigmatism 1s corrected to some considerable
levels.

EXAMPLE 11

Example 11 1s directed to a zoom lens system having a
focal length of 39.0 to 131 mm and an aperture ratio of 1:5
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to 13.94, and consisting of four lens groups or nine lenses 1n
all, as shown in FIGS. 21(a), 21(b) and 21(c).

The first lens group G1 consists of a non-cemented
doublet made up of a double-convex positive lens and a
double-concave negative lens. The second lens group G2
consists of a cemented doublet made up of a double-convex
positive lens and a negative meniscus lens convex on 1its
image side, with an aperture stop located 1n the rear of the
cemented doublet. The third lens group G3 consists of a
cemented doublet made up of a negative meniscus lens
convex on 1ts object side and a double-convex positive lens.
The fourth lens group G4 consists of a cemented doublet
made up of a negative meniscus lens having a strong
concave surface on its object side and a positive meniscus
lens having a strong convex surface on its 1mage side and a
negative meniscus lens having a strong concave surface on
its object side. In the first lens group GI, one aspherical
surface 1s used for the object-side surface of the double-
convex positive lens. In the second lens group G2 one
aspherical surface 1s used for the object-side surface of the
double-convex lens, and in the third lens group G3 one
aspherical surface 1s used for the surface located nearest to
the 1mage side. In the fourth lens group G4, two aspherical
surfaces are used, one for the strong concave surface of the
first negative meniscus lens and another for the strong
concave surface of the final negative meniscus lens. The
object of this example 1s to make the length of the zoom lens
system short at the expense of aperture ratios. This example
1s much larger than Example 10 1n terms of the power of the
fourth lens group G4, and has a telephoto ratio of 0.624 at
the telephoto end.

The aberration diagrams for this example are shown 1n
FIGS. 22(a), 22(b) and 22(c). In terms of chromatic aber-
ration of magnification, this example has the same tendency
as in Example 10. However, the absolute amount of longi-
tudinal chromatic aberration 1s large.

EXAMPLE 12

Example 12 1s directed to a zoom lens system having a
focal length of 38.9 to 170.5 mm and an aperture ratio of
1:4.23 to 12.36, and consisting of four lens groups or nine

lenses in all, as shown in FIGS. 23(a), 23(b) and 23(c).

The first lens group G1 consists of a non-cemented
doublet made up of a double-convex positive lens and a
double-concave negative lens, and the second lens group G2
consists of a double-concave negative lens, a stop located in
the rear thereof and a double-convex positive lens. The third
lens group G3 consists of a cemented doublet made up of a
negative meniscus lens convex on 1ts object side and a
double-convex positive lens. The fourth lens group G4
consists of a non-cemented doublet made up of a double-
concave lens having a strong concave surface on its object
side and a double-convex positive lens and a negative
meniscus lens having a strong concave surface on 1ts object
side. In the first lens group G1, one aspherical surface 1s used
for the object-side surface of the double-convex positive
lens. In the second lens group G2, two aspherical surfaces
arc used, one for the object-side surface of the double-
concave negative lens and another for the object-side surface
of the double-convex positive lens. In the third lens group
G3, one aspherical surface 1s used for the surface located
nearest to the 1mage side. In the fourth lens group G4, two
aspherical surfaces are used, one for the strong concave
surface of the double-concave negative lens and another for
the 1mage-side surface of the double-convex positive lens.
This example has a telephoto ratio of 0.582. The length of
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the zoom lens system 1s much more reduced as compared
with that of a conventional lens system.

The aberration diagrams for this example are shown in
FIGS. 24(a), 24(b) and 24(c), from which it is found that
while chromatic aberration of magnification on the wide-
angle side and longitudinal chromatic aberration at the
telephoto end are somewhat unsatisfactory, it 1s possible to
achieve a satisfactory performance balance on the whole. In
this case, too, distortion at the telephoto end 1s very well
corrected.

EXAMPLE 13

Example 13 1s directed to a zoom lens system having a
focal length of 38.87 to 170.5 mm and an aperture ratio of

1:5.4 to 15, and consisting of four lens groups or nine lenses
in all, as shown in FIGS. 25(a), 25(b) and 25(c).

The first lens group G1 consists of a non-cemented
doublet made up of a double-convex positive lens and a
double-concave negative lens, and the second lens group G2
consists of a double-concave negative lens, a stop located 1n
the rear thereof and a double-convex positive lens. The third
lens group G3 consists of a cemented doublet made up of a
negative meniscus lens convex on 1its object side and a
double-convex positive lens. The fourth lens group G4
consists of a non-cemented doublet made up of a double-
concave negative lens having a strong concave surface on its
object side and a double-convex positive lens and a negative
meniscus lens having a strong concave surface on its object
side. In the first lens group G1, one aspherical surface 1s used
for the object-side surface of the double-convex positive
lens. In the second lens group G2 two aspherical surfaces are
used, one for the object-side surface of the double-concave
negative lens and another for the object-side surface of the
double-convex positive lens. In the third lens group G3, one
aspherical surface 1s used for the surface located nearest to
the 1mage side. In the fourth lens group G4, two aspherical
surfaces are used, one for the strong concave surface of the
double-concave negative lens and another for the 1mage-side
surface of the double-convex positive lens. The zoom lens
system of this example has a telephoto ratio of 0.559 at the

telephoto end. The aberration diagrams for this example are
shown in FIGS. 26(a), 26(b) and 26(c).

EXAMPLE 14

Example 14 1s directed to a zoom lens system having a
focal length of 38.9 to 170.51 mm and an aperture ratio of

1:4.8 to 13.29, and consisting of four lens groups or nine
lenses in all, as shown in FIGS. 27(a), 27(b) and 27(c).

The first lens group G1 consists of a non-cemented
doublet made up of a double-convex positive lens and a
double-concave negative lens, and the second lens group G2
consists of a double-concave negative lens, a stop located 1n
the rear thereof and a double-convex positive lens. The third
lens group G3 consists of a cemented doublet made up of a
negative meniscus lens convex on 1its object side and a
double-convex positive lens. The fourth lens group G4
consists of a non-cemented doublet made up of a double-
concave negative lens having a strong concave surface on its
object side and a double-convex positive lens, and a negative
meniscus lens having a strong concave surface on its object
side. In the first lens group G1, one aspherical surface 1s used
for the object-side surface of the double-convex positive
lens. In the second lens group G2 two aspherical surfaces are
used, one for the object-side surface of the double-concave
negative lens and another for the object-side surface of the
double-convex positive lens. In the third lens group G3, one
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aspherical surface 1s used for the surface located nearest to
the 1mage side. In the fourth lens group G4 two aspherical
surfaces are used, one for the strong concave surface of the
double-concave negative lens and another for the 1mage-side
surface of the double-convex positive lens. The zoom lens
system of this example has a telephoto end of 0.564. The
aberration diagrams for this example are shown in FIGS.

28(a), 28(b) and 28(c).
EXAMPLE 15

Example 15 1s directed to a zoom lens system having a
focal length of 38.9 to 195.689 mm and an aperture ratio of
1:4.53 to 15.78, and consisting of four lens groups or ten

lenses in all, as shown in FIGS. 29(a), 29(b) and 29(c).

The first lens group G1 consists of a non-cemented
doublet made up of a double-convex positive lens and a
negative meniscus lens convex on 1ts 1mage side, and the
second lens group G2 consists of a double-concave negative
lens, a stop located in the rear thereof and a double-convex
positive lens. The third lens group G3 consists of a cemented
doublet made up of a double-concave negative lens and a
double-convex positive lens, and a positive meniscus lens
convex on 1its 1image side. The fourth lens group G4 consists
of a non-cemented doublet made up of a double-concave
negative lens having a strong concave surface on 1ts object
side and a double-convex positive lens, and a negative
meniscus lens having a strong concave surface on 1ts object
side.

In this example, the power of the fourth lens group G4 1s
very large or —9.4773 mm. Basically, this example 1s similar
to Example 14. However, the important point in this
example 1s that the power of the third lens group G3 1is
dispersed to the doublet and the positive lens. In the first lens
croup G1 two aspherical surfaces are used, one for the
object-side surface of the double-convex positive lens and
another for the 1image-side surface of the negative meniscus
lens. In the second lens group G2 two aspherical surfaces are
used, one for the object-side surface of the double-concave
negative lens and another for the 1mage-side surface of the
double-convex positive lens. In the third lens group G3 two
aspherical surfaces are used, one for the 1mage-side surface
of the cemented doublet and another for the image-side
surface of the positive meniscus lens. In the fourth lens
oroup G4 two aspherical surfaces are used, one for the
strong concave surface of the double-concave lens and
another for the image-side surface of the double-convex
positive lens. As a result, 1t 1s possible to achieve a zoom

ratio of 5.03.

According to this example, a staggering telephoto ratio of
0.522 1s achievable at the telephoto end. The aberration

diagrams for this example are shown in FIGS. 30(a), 30(b)
and 30(c).

EXAMPLE 16

Example 16 1s directed to a zoom lens system having a
focal length of 38.9 to 195.5 mm and an aperture ratio of
1:4.54 to 15.77, and consisting of four lens groups or ten

lenses in all, as shown 1n FIGS. 31(a), 31(b) and 31(c).

The first lens group G1 consists of a cemented doublet
made up of a double-convex positive lens and a negative
meniscus lens convex on 1ts 1image side, and the second lens
ogroup G2 consists of a double-concave negative lens, a stop
located 1n the rear thereof and a double-convex positive lens.
The third lens group G3 consists of a cemented doublet
made up of a double-concave negative lens and a double-
convex positive lens, and a positive meniscus lens convex on
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its 1mage side. The fourth lens group G4 consists of a
non-cemented doublet made up of a double-concave nega-
five lens having a strong concave surface on 1ts object side
and a double-convex positive lens, and a negative meniscus
lens having a strong concave surface on its object side. In the
first lens group G1, two aspherical surfaces are used for the
object- and 1image-side surfaces of the cemented doublet. In
the second lens group G2 two aspherical surfaces are used,
one for the object-side surface of the double-concave nega-
five lens and another for the object-side surface of the
double-convex positive lens. In the third lens group G3 two
aspherical surfaces are used, one for the 1image-side surface
of the cemented doublet and another for the 1mage-side
surface of the positive meniscus lens. In the fourth lens
croup G4 two aspherical surfaces are used, one for the
strong concave surface of the double-concave negative lens
and another for the 1mage-side surface of the double-convex
positive lens.

The aberration diagrams for this example are shown in
FIGS. 32(a), 32(b) and 32(c). In this example, the first lens
ogroup G1 1s made up of a cemented doublet whereas the first
lens group G1 1n Example 15 1s made up of an air-spaced
doublet. The telephoto ratio 1s 0.51 at the telephoto end. For
the stability of chromatic aberrations, this example 1s better
corrected than Example 15.

EXAMPLE 17

Example 17 1s directed to a compact zoom lens system
having a focal length of 38.37 to 102.5 mm and an aperture
ratio of 1:4.1 to 8.95. As shown 1 FIGS. 33(a), 33(b) and
33(c), this zoom lens system 1s a basic type of four-group,
eight-lens construction comprising, in order from its object
side, a first lens group G1 having positive refracting power,
a second lens group G2 having negative refracting power, a
third lens group G3 having positive refracting power and a
fourth lens group G4 having negative refracting power.

The first lens group G1 consists of a doublet made up of
a positive meniscus lens having a strong concave surface on
its object side and a negative meniscus lens concave on 1ts
object side. While this doublet 1s an air-spaced doublet with
a slight space located between the two lenses, 1t 1s acceptable
to use a cemented doublet. Even when the negative lens 1s
followed by the positive lens, 1t 1s understood that the
desired effect 1s achievable. In this example, an aspherical
surface used for the object-side surface of the first positive
lens has a great effect on correction of axial longitudinal
spherical aberration. The second lens group G2 having
negative refracting power consists of a single negative
meniscus lens concave on 1ts object side. In the instant
example, an aperture stop 1s movable along with the second
lens group G2. The third lens group G3 having positive
refracting power consists of a doublet composed of a thick
negative meniscus lens convex on its object side and a
double-convex positive lens. In the instant example, an
aspherical surface used for the image-side surface of the
double-convex positive lens has a great effect on placing the
performance of off-axial aberrations 1n a well-balanced
state. The power of the fourth lens group G4 having negative
refracting power 1s made larger than that used so far in the
art, so that the amount of zooming movement from the
wide-angle end to the telephoto end 1s reduced. To make
better correction for aberrations at a wide-angle zone,
therefore, the fourth lens group G4 consists of a non-
cemented doublet composed of a double-concave negative
lens having a strong concave surface on 1ts object side and
a positive meniscus lens convex on 1ts 1mage side, and one
negative meniscus lens convex on its image side, and
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aspherical surfaces are used, one for the surface located
nearest to the object side and another for the strong concave
surface of the final negative meniscus lens. In this example,
the telephoto ratio 1s 0.764 at the telephoto end.

Focusing should preferably be carried out by moving the
second lens group G2 along with the third lens group G3
because aberration variations are reduced. The aberration
diagrams for this example are shown in FIGS. 34(a), 34(b)
and 34(c).

EXAMPLE 18

Example 18 1s directed to a zoom lens system having a
focal length of 38 to 102.5 mm and an aperture ratio of
1:4.67 to 10.84. As shown in FIGS. 35(a), 35(b) and 35(c),
this zoom lens system 1s of four-group, eight-lens construc-
tion. A difference between Example 18 and Example 17 1s
that air lenses are used 1n the first and fourth lens groups G1
and G4 1n Example 17 whereas a cemented doublet 1s used
in the first lens group G1 in Example 18 and the fourth lens
oroup G4 1n Example 18 has an equal radius of curvature.

More exactly, the first lens group G1 consists of a
cemented doublet composed of a positive meniscus lens
having a strong convex surface on its object side and a
negative meniscus lens convex on its object side. The second
lens group G2 having negative refracting power consists of
a single double-concave negative lens concave on 1ts object
side, and an aperture stop 1s movable along with the second
lens group G2. The third lens group G3 having positive
refracting power consists of a cemented doublet composed
of a thick negative meniscus lens convex on its object side
and a double-convex positive lens. The fourth lens group G4
having negative refracting power consists of a non-cemented
doublet composed of a negative meniscus lens having a
strong concave surface on 1ts object side and a positive
meniscus lens convex on its 1mage side, and one negative
meniscus lens convex on its image side. One aspherical
surface 1s used for the object-side surface of the positive
meniscus lens 1n the first lens group G1, and one aspherical
surface 1s used for the 1mage-side surface of the double-
convex positive lens 1n the third lens group G3. In the fourth
lens group G4 two aspherical surfaces are used, one for the
surface located nearest to the 1image side and another for the
strong concave surface of the final negative meniscus lens.

In this example, longitudinal spherical aberration and
chromatic aberrations are strikingly improved on the tele-
photo side, as can be seen from the aberration diagrams
shown in FIGS. 36(a), 36(b) and 36(c), while the aperture
ratio on the telephoto side 1s sacrificed. On the other hand,
the telephoto ratio is substantially similar (0.764) to that of
Example 17.

EXAMPLE 19

Example 19 1s directed to a zoom lens system having a
focal length of 38 to 104.04 mm and an aperture ratio of
1:6.75 to 15.8. This zoom lens system 1s of four-group,
eight-lens construction as shown in FIGS. 37(a), 37(b) and
37(c). This example 1s dark as can be predicted from the
aperture ratio of 1:6.75 to 15.8, and has a reduced telephoto
ratio.

The first lens group G1 consists of a cemented doublet
composed of a double-convex positive lens having a strong
convex surface on 1its object side and a double-concave
negative lens. The second lens group G2 having negative
refracting power consists of a single negative meniscus lens,
and an aperture stop 1s movable along with the second lens
oroup G2. The third lens group G3 having positive refracting
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power consists of a cemented doublet composed of a thin
negative meniscus lens convex on 1its object side and a

positive meniscus lens having a strong convex surface on its
object side. The fourth lens group G4 having negative
refracting power consists of a non-cemented doublet com-
posed of a negative meniscus lens having a strong concave
surface on its object side and a positive meniscus lens
convex on 1its 1mage side, and one negative meniscus lens
convex on 1ts 1mage side. One aspherical surface 1s used for
the object-side surface of the double-convex positive lens 1n
the first lens group G1, and one aspherical surface 1s used for
the surface located nearest to the 1mage side 1n the third lens
group G3. In the fourth lens group G4 two aspherical
surfaces are used, one for the surface located nearest to the
object side and another for the strong concave surface of the
final negative meniscus lens.

The aberration diagrams for this example are shown in
FIGS. 38(a), 38(b) and 38(c). The instant example 1s char-
acterized 1n that the overall length of the zoom lens system

1s considerably reduced at the wide-angle end. The telephoto
ratio 1s 0.726 at the telephoto end.

EXAMPLE 20

Example 20 1s directed to a zoom lens system having a
focal length of 38.9 to 102.5 mm and an aperture ratio of
1:4.32 to 7.45. The zoom lens system 1s of four-group,
eight-lens construction, as shown in FIGS. 39(a), 39(b) and
39(c). The instant example intends to increase the aperture
rat1o and enhance 1mage-formation capabilities. How to use
aspherical surfaces 1s the same as 1n the former example. The
telephoto ratio 1s 0.82 at the telephoto end.

The first lens group G1 consists of a cemented doublet
composed of a positive meniscus lens having a strong
convex surface on 1ts object side and a negative meniscus
lens convex on i1ts object side. The second lens group G2
having negative refracting power consists of a single nega-
five meniscus lens concave on its object side, and an
aperture stop 1s designed to be movable along with the
second lens group G2. The third lens group G3 having
positive refracting power consists of a cemented doublet
composed of a thick negative meniscus lens convex on its
object side and a double-convex positive lens. The fourth
lens group G4 having negative refracting power consists of
a non-cemented doublet composed of a negative meniscus
lens having a strong concave surface on 1ts object side and
a positive meniscus lens convex on 1ts 1mage side, and one
negative meniscus lens convex on 1ts 1mage side. One
aspherical surface 1s used for the object-side surface of the
positive meniscus lens 1n the first lens group G1, and one
aspherical surface 1s used for the surface of the cemented
doublet, which 1s located nearest to the 1mage side in the
third lens group G3. In the fourth lens group G4 two
aspherical surfaces are used, one for the surface located
nearest to the object side and another for the strong concave
surface of the final negative meniscus lens. In this example,
the movement of the second and third lens groups G2 and
(G3 1s effective for correction of aberrations, and has a great
cffect on correction of field curvature 1n particular.

The aberration diagrams for this example are shown in
FIGS. 40(a), 40(b) and 40(c). As can be seen from
astigmatism, the zoom lens system has a very stable 1mage
plane property. Axial longitudinal spherical aberration, too,
1s very satisfactorily corrected. One feature of the instant
example 1s that the power of the first lens group G1 1is
relatively small. On the other hand, the power of the fourth
lens group G4 1s very large, and has a value larger than those
of Examples 17 to 3.
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EXAMPLE 21

Example 21 1s directed to a zoom lens system having a
focal length of 38.9 to 131.09 mm and an aperture ratio of
1:4.34 to 11.86. The zoom lens system 1s of four-group,
eight-lens construction, as shown in FIGS. 41(a), 41(b) and
41(c).

The first lens group G1 consists of a non-cemented
doublet composed of a double-convex positive lens having
a strong convex surface on its object side and a double-
concave negative lens. The second lens group G2 having
negative refracting power consists of a single double-
concave negative lens, and an aperture stop 1s designed to be
movable along with the second lens group G2. The third lens
croup G3 having positive refracting power consists of a
cemented doublet composed of a thick negative meniscus
lens convex on 1ts object side and a double-convex positive
lens. The fourth lens group G4 having negative refracting
power consists of a non-cemented doublet composed of a
double-concave negative lens having a strong concave sur-
face on 1ts object side and a positive meniscus lens convex
on 1ts 1mage side, and one negative meniscus lens convex on
its 1mage side. One aspherical surface 1s used for the
object-side surface of the double-convex positive lens 1n the
first lens group G1, one aspherical surface 1s used for the
object-side surface of the double-concave negative lens in
the second lens group G2, and one aspherical surface 1s used
for the surface of the cemented doublet, which 1s located
nearest to the 1mage side 1n the third lens group G3. In the
fourth lens group G4 two aspherical surfaces are used, one
for the surface located nearest to the object side and another
for the strong concave surtface of the final negative meniscus
lens.

The aberration diagrams for this example are shown 1n
FIGS. 42(a), 42(b) and 42(c). The instant zoom lens system
1s characterized by the lens arrangement of the fourth lens
oroup G4. As can be predicted from these diagrams, the
conilgurations and arrangement of the double-concave nega-
tive lens, positive meniscus lens and negative meniscus lens
forming the fourth lens group G4 have a substantial relation
to the reduction in the overall length of the zoom lens
system. The air lens in particular, because of being thin,
takes part in the generation of high-order aberrations and
cliective correction thereof. As can be predicted from the
aberration diagrams, very satisfactory i1mage-formation
capabilities are obtained. The effect of the aspherical surface
in the second lens group G2 can have a substantial relation
to correction of distortion and coma. The telephoto ratio 1s
0.741 at the telephoto end.

EXAMPLE 22

Example 22 1s directed to a zoom lens system having a
focal length of 38.9 to 131 mm and an aperture ratio of
1:4.84 to 12.07. The zoom lens system 1s of four-group,
eight-lens construction, as shown in FIGS. 43(a), 43(b) and
43(c).

The first lens group G1 consists of a non-cemented
doublet composed of a double-convex positive lens having
a strong convex surface on its object side and a double-
concave negative lens. The second lens group G2 having
negative refracting power consists of a single negative
meniscus lens concave on its object side, and an aperture
stop 1s designed to be movable along with the second lens
oroup G2. The third lens group G3 having positive refracting
power consists of a cemented doublet composed of a thick
negative meniscus lens convex on 1ts object side and a
double-convex positive lens. The fourth lens group G4
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having negative refracting power consists of a non-cemented
doublet composed of a negative meniscus lens having a

strong concave surface on 1ts object side and a positive
meniscus lens convex on its 1image side, and one negative
meniscus lens convex on its 1image side. One aspherical
surface 1s used for the object-side surface of the double-
convex positive lens 1n the first lens group G1, one aspheri-
cal surface 1s used for the object-side surface of the negative
meniscus lens 1n the second lens group G2, and one aspheri-
cal surface 1s used for the surface of the cemented doublet,
which 1s located to the 1mage side in the third lens group G3.
In the fourth lens group G4 two aspherical surfaces are used,
one for the surface located nearest to the object side and
another for the strong concave surface of the final negative
meniscus lens.

The aberration diagrams for this example are shown in
FIGS. 44(a), 44(b) and 44(c). The overall length of the zoom
lens system according to the instant example 1s reduced at
the wide-angle end. The telephoto end 1s 0.658 at the
telephoto end.

EXAMPLE 23

Example 23 1s directed to a zoom lens system having a
focal length of 38.06 to 102.24 mm and an F-number of 4.6
to 11.37. As shown in FIGS. 45(a), 45(b) and 45(c), the
instant zoom lens system 1s of five-group construction or
—+—+— refracting power construction in order from 1ts object
side. Each lens group i1s designed to move independently
from the wide-angle end to the telephoto end of the lens
system.

The first lens group G1 consists of one negative meniscus
lens having a strong concave surface on 1ts object side. The
second lens group G2 consists of one double-convex posi-
five lens, the third lens group G3 consists of one negative
meniscus lens convex on its 1mage side, and the fourth lens
cgroup G4 consists of one double-convex positive lens, with
an aperture stop located 1n front thereof. The fifth lens group
G35 consists of a positive meniscus lens convex on its 1mage
side and a negative meniscus lens having a strong concave
surface on 1ts object side or two lenses 1n all. Two aspherical
surface are used for both surfaces of the negative meniscus
lens 1n the first lens group G1. One aspherical surface 1s used
for the object-side surface of the double-convex positive
lens 1n the second lens group G2, one aspherical surface 1s
used for the object-side surface of the negative meniscus
lens 1n the third lens group G3 and one aspherical surface 1s
used for the 1image-side surface of the double-convex posi-
five lens in the fourth lens group G4. In the fifth lens group
G35 two aspherical surfaces are used, one for the object-side
surface of the positive meniscus lens and another for the
object-side surface of the negative meniscus lens. Seven
aspherical surfaces in all are used 1n the mstant example. The
aberration diagrams for this example are shown in FIGS.
46(a), 46(b) and 46(c).

In the 1nstant example, the overall length of the zoom lens
system 1s shortest at the wide-angle end and longest at the
telephoto end. The 1nstant zoom lens system of five-group
construction has a zoom ratio of up to 3, and has a high
performance potential while more aspherical surfaces are
used. However, the amount of movement of the final or fifth
lens group G35 having negative refracting power 1s more
reduced than that used so far in the art. The telephoto ratio
1s 0.857 at the telephoto end, which 1s a value larger than
contemplated in the present invention. However, the mstant
zoom lens system has a simplified lens arrangement with a
long back focus at the wide-angle end, resulting in a
reduction 1n the lens diameter of the lens arrangement.
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EXAMPLE 24

Example 24 1s directed to a zoom lens system having a
focal length of 38 to 115 mm and an F-number of 4.28 to
10.92. As shown in FIGS. 47(a), 47(b) and 47(c), the instant
zoom lens system 1s of five-group construction or +——+-—
refracting power construction 1n order from 1ts object side.
Each lens group 1s designed to move independently from the
wide-angle end to the telephoto end of the lens system.

The first lens group G1 consists of one double-convex
positive lens having a strong convex surface on its object
side. The second lens group G2 consists of one double-
concave negative lens, and the third lens group G3 consists
of one negative meniscus lens that 1s convex on its 1mage
side and has a small refracting power, with aperture stops
located 1 front and the rear thereof. The fourth lens group
G4 consists of a cemented doublet composed of a negative
meniscus lens convex on 1ts object side and a double-convex
positive lens or two lenses 1n all. The {ifth lens group G5
consists of a non-cemented doublet composed of a negative
meniscus lens convex on 1ts 1mage side and a positive
meniscus lens convex on its image side and a negative
meniscus lens having a strong concave surface on its object
side or three lenses 1n all. Two aspherical surfaces having an
cffect on correction of distortion are provided, one for the
object-side surface of the double-convex positive lens 1n the
first lens group G3 and another for the surface located
nearest to the 1mage side 1n the fourth lens group G4. Three
additional aspherical surfaces are used to improve the
peripheral performance of the zoom lens system at a wide-
angle zone, one for the surface located nearest to the 1mage
side 1n the fourth lens group G4, one for the surface located
nearest to the object side 1 the fifth lens group GS, and one
for the object-side surface of the negative meniscus lens
located on the 1image side. Thus, five aspherical surfaces in
all are used.

The aberration diagrams for this example are shown 1n
FIGS. 48(a), 48(b) and 48(c). The telephoto ratio of this
example at the telephoto end 1s 0.833. As can be depicted
from FIGS. 48(a) to 48(c), all aberrations are very satisfac-
torily corrected.

EXAMPLE 25

Example 25 1s directed to a zoom lens system having
much the same lens arrangement as 1n Example 24.
However, the focal length 1s from 38.9 to 131.1 mm with an
F-number of 4.33 to 11.8. As shown in FIGS. 49(a), 49(b)
and 49(c), the instant zoom lens system is of five-group
construction or +——+- refracting power construction in
order from 1its object side. Each lens group moves indepen-
dently from the wide-angle end to the telephoto end of the
zoom lens system.

The first lens group G1 consists of one double-convex
positive lens, the second lens group G2 consists of one
double-concave negative lens, and the third lens group G3
consists of one negative meniscus lens that 1s convex on its
image side and has a small refracting power, with apertures
stops located 1n front and the rear thereof. The fourth lens
oroup G4 consists of a cemented double composed of a
negative meniscus lens convex on 1ts object side and a
double-convex positive lens or two lenses in all. The fifth
lens group G35 consists of a non-cemented doublet composed
of a negative meniscus lens convex on 1ts 1mage side and a
positive meniscus lens convex on its 1mage side and a
negative meniscus lens having a strong concave surface on
its object side or three lenses 1n all. One aspherical surface
1s used for the object-side surface of the double-convex



US 6,327,100 Bl

33

positive lens 1n the first lens group GI1, one aspherical
surface 1s used for the object-side surface of the negative
meniscus lens 1n the third lens group G3, and one aspherical
surface 1s used for the surface located nearest to the 1mage
in the fourth lens group G4. In the fifth lens group G35 two
aspherical surfaces are used, one for the surface located
nearest to the object side and another for the object-side
surface of the negative meniscus lens located on the 1image
side. Thus, five aspherical surfaces 1n all are used.

The aberration diagrams for this example are shown in
FIGS. 50(a), 50(b) and 50(c). The telephoto ratio of this
example at the telephoto end 1s 0.78 smaller than that
contemplated 1n the present mvention. As can be predicted
from FIGS. 50(a) to 50(c), each aberration is very satisfac-
torily corrected.

EXAMPLE 26

Example 26 1s directed to a telephoto type zoom lens
system having a focal length of 38.9 to 150 mm and an
F-number of 4.79 to 13.38. As shown in FIGS. 51(a), 51(b)
and S§1(c), the instant zoom lens system is of five-group
construction or +——+- refracting power construction in
order form 1its object side. Each lens group moves indepen-
dently from the wide-angle end to the telephoto end of the
zoom lens system.

The first lens group G1 consists of one positive meniscus
lens convex on its object side, the second lens group G2
consists of one negative meniscus lens convex on 1ts object
side, and the third lens group G3 consists of two lenses or
a double-concave negative lens and a positive meniscus lens
convex on 1ts object side with an aperture stop located
between both lenses. The fourth lens group G4 consists of
two lenses or a non-cemented doublet composed of a
double-convex positive lens and a negative meniscus lens
convex on 1ts image side. The fifth lens group G5 consists of
two lenses or a non-cemented doublet composed of a
positive meniscus lens convex on 1its image side and a
negative meniscus lens convex on 1ts i1mage side. One
aspherical surface 1s used for the object-side surface of the
positive meniscus lens 1n the first lens group G1, and one
aspherical surface 1s used for the 1image-side surface of the
negative meniscus lens 1n the second lens group G2. In the
third lens group G3 three aspherical surfaces are used, one
for the object-side surface of the double-concave negative
lens and the remaining two for both surfaces of the positive
meniscus lens. In the fourth lens group G4 one aspherical
surface 1s used for the surface located nearest to the 1mage
side. In the fifth lens group GS three aspherical surfaces are
used, two for both surfaces of the positive meniscus lens and
the remaining one for the object-side surface of the negative
meniscus lens. Thus, nine aspherical surfaces 1n all are used.

The aberration diagrams for this example are shown in
FIGS. 52(a), 52(b) and 52(c). The telephoto ratio of this
example at the telephoto end 1s 0.734. As can be seen from
FIGS. 52(a) to 52(c), higher-order residual aberrations are
contained in spherical aberrations at the telephoto end. To
maintain performance at the telephoto end, too, the con-
struction of the final lens group G35 1s of 1importance.

EXAMPLE 27

Example 27 1s directed to a zoom lens system having a
focal length of 38.9 to 152 mm and an F-number of 4.57 to
13.16. As shown in FIGS. 53(a), 53(b) and 53(c¢), the instant
zoom lens system 1s of five-group construction or +—++—
refracting power construction 1n order form its object side.
Each lens group moves mdependently from the wide-angle
end to the telephoto end of the zoom lens system.
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The first lens group G1 consists of three lenses or a
negative meniscus lens concave on its object side and a
non-cemented doublet composed of a double-convex posi-
tive lens and a negative meniscus lens concave on 1ts object
side. The second lens group G2 consists of one double-
concave negative lens, and the third lens group G3 consists
of a double-convex positive lens with an aperture stop
located 1n front thereof. The fourth lens group G4 consists of
two lenses or a cemented doublet composed of a negative
meniscus lens convex on 1ts object side and a double-convex
positive lens. The fifth lens group G35 consists of three lenses
or a non-cemented doublet composed of a negative meniscus
lens convex on 1its image side and a positive meniscus lens
convex on 1ts 1mage side and a negative meniscus lens
convex on 1ts 1mage side. In the first lens group G1, one
aspherical surface 1s used for the object-side surface of the
double-convex positive lens. In the second lens group G2,
one aspherical surface 1s used for the object-side surface of
the double-concave negative lens. In the third lens group G3,
one aspherical surface 1s used for the object-side surface of
the double-convex positive lens. In the fourth lens group G4,
one aspherical surface 1s used for the surface located nearest
to the 1mage side. In the fifth lens group GS, two aspherical
surfaces are used, one for the object-side surface of the
negative meniscus lens and another for the 1mage-side
surface of the positive meniscus lens. Thus, six aspherical
surfaces are used.

The aberration diagrams for this example are shown 1n
FIGS. 54(a), 54(b) and 54(c). The telephoto ratio of this
zoom lens system at the telephoto end 1s 0.667.

EXAMPLE 2%

Example 28 1s directed to a zoom lens system having a
focal length of 38.9 to 195.5 mm and an F-number of 4.68
to 15.16. As shown in FIGS. 55(a), 55(b) and 55(c), the
instant zoom lens system 1s of six-group construction or
++—++31 refracting power construction in order form 1its
object side. Each lens group moves independently from the
wide-angle end to the telephoto end of the zoom lens system.

The first lens group G1 consists of one positive meniscus
lens convex on 1ts object side, the second lens group G2
consists of two lenses or a cemented doublet composed of a
double-convex positive lens and a negative meniscus lens
concave on 1ts object side, the third lens group G3 consists
of one double-concave negative lens, and the fourth lens
oroup G4 consists of one double-convex positive lens with
an aperture stop located 1n front thereof. The fifth lens group
G35 consists of three lenses or a cemented doublet composed
of a double-concave negative lens and a double-convex
positive lens and a double-convex positive lens. The sixth
lens group G6 consists of three lenses or a non-cemented
doublet composed of a double-concave negative lens and a
double-convex positive lens and a negative meniscus lens
convex on 1ts 1image side. In the second lens group G2 two
aspherical surfaces are used, one for the surface located
nearest to the object side and another for the surface located
nearest to the 1mage side. In the third lens group G3 one
aspherical surface 1s used for the object-side surface of the
double-concave lens. In the fourth lens group G4 one
aspherical surface 1s used for the object-side surface of the
double-convex positive lens. In the fifth lens group G5 two
aspherical surfaces are used, one for the surface of the
cemented doublet located nearest to the image side and
another for the image-side surface of the double-convex
positive lens. In the sixth lens group G6 three aspherical
surfaces are used, one for the object-side surface of the
double-concave negative lens, one for the 1mage-side sur-
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face of the double-convex positive lens and one for the
object-side surface of the negative meniscus lens. Thus, nine
aspherical surfaces 1n all are used.

The aberration diagrams for this example are shown in
FIGS. 56(a), 56(b) and 56(c). The telephoto ratio of this
zoom lens system at the telephoto end 1s 0.538.

EXAMPLE 29

Example 29 1s directed to a zoom lens system having a
focal length of 38.9 to 198 mm and an F-number of 4.81 to
15.35. The lens arrangement 1s the same as in Example 28
with the exception that the fifth lens group G35 1s divided 1nto
two movable subgroups; that 1s, this zoom lens system 1s on
the whole of seven-group construction. As shown 1n FIGS.
57(a), 57(b) and 57(c), the instant zoom lens system 1s of
seven-group construction or ++—+—+— refracting power con-
struction 1 order form 1ts object side. Each lens group
moves Independently from the wide-angle end to the tele-
photo end of the zoom lens system.

The first lens group G1 consists of one positive meniscus
lens convex on 1ts object side, the second lens group G2
consists of two lenses or a cemented doublet composed of a
positive meniscus lens convex on 1its image side and a
negative meniscus lens convex on 1ts 1mage side, the third
lens group G3 consists of one negative meniscus lens
convex on 1its 1image side, and the fourth lens group G4
consists of one double-convex positive lens with an aperture
stop located in front thereof. The fifth lens group GS consists
of two lenses or a cemented doublet composed of a double-
concave negative lens and a double-convex positive lens.
The sixth lens group G6 consists of one double-convex
positive lens. The seventh lens group G7 consists of three
lenses or a non-cemented doublet composed of a double-
concave negative lens and a double-convex positive lens and
a negative meniscus lens convex on its 1image side. In the
second lens group G2 two aspherical surfaces are used, one
for the surface located nearest to the object side and another
for the surface located nearest to the 1image side. In the third
lens group G3 one aspherical surface 1s used for the object-
side surface of the negative meniscus lens. In the fourth lens
oroup G4 one aspherical surface 1s used for the object-side
surface of the double-convex positive lens. In the fifth lens
oroup G5 one aspherical surface 1s used for the surface of the
cemented doublet located nearest to the 1mage side. In the
sixth lens group G6 one aspherical surface i1s used for the
image-side surface of the double-convex positive lens. In the
seventh lens group G7 three aspherical surfaces are used,
one for the object-side surface of the double-concave nega-
five lens, one for the image-side surface of the double-
convex positive lens and one for the object-side surface of
the negative meniscus lens. Thus, nine aspherical surfaces 1n
all are used.

The aberration diagrams for this example are shown in
FIGS. 58(a), 58(b) and 58(c). The telephoto ratio of this
zoom lens system at the telephoto end 1s 0.55. From FIGS.
58(a) to 58(c), it is evident that correction of chromatic
aberrations at the telephoto end 1s improved.

EXAMPLE 30

Example 30 1s directed to a zoom lens system having a
focal length of 38.9 to 201.58 mm and an F-number of 4.8
to 15.63. The lens arrangement 1s substantially the same as
in Example 29; that 1s, this zoom lens system is on the whole
of seven-group construction. As shown in FIGS. 59(a),
59(b) and 59(c), the instant zoom lens system is of seven-
ogroup construction or ++—+—+- refracting power construc-
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tion 1n order form 1ts object side. Each lens group moves
independently from the wide-angle end to the telephoto end
of the zoom lens system.

The first lens group G1 consists of one positive meniscus
lens convex on 1ts object side, the second lens group G2
consists of two lenses or a cemented doublet composed of a
positive meniscus lens convex on 1its 1mage side and a
negative meniscus lens convex on its image side, the third
lens group G3 consists of one negative meniscus lens
convex on 1its 1mage side, and the fourth lens group G4
consists of one double-convex positive lens with an aperture
stop located 1n front thereof. The fifth lens group GS consists
of two lenses or a cemented doublet composed of a double-
concave negative lens and a double-convex positive lens.
The sixth lens group G6 consists of one double-convex
positive lens. The seventh lens group G7 consists of three
lenses or a non-cemented doublet composed of a double-
concave negative lens and a double-convex positive lens and
a negative meniscus lens convex on its 1mage side. In the
second lens group G2, two aspherical surfaces are used for
the surfaces located nearest to the object and 1mage sides. In
the third lens group G3, one aspherical surface 1s used for the
object-side surface of the negative meniscus lens. In the
fourth lens group G4, one aspherical surface 1s used for the
object-side surface of the double-convex positive lens. In the
fifth lens group G35, one aspherical surface 1s used for the
surface of the cemented doublet which 1s located nearest to
the 1mage side. In the sixth lens group G6, one aspherical
surface 1s used for the image-side surface of the double-
convex positive lens. In the seventh lens group G7, three
aspherical surfaces are used, one for the object-side surface
of the double-concave negative lens, one for the 1mage-side
surface of the double-convex positive lens and one for the
object-side surface of the negative meniscus lens. Thus, nine
aspherical surfaces in all are used.

The aberration diagrams for this example are shown 1n
FIGS. 60(a), 60(b) and 60(c). The telephoto ratio of the
example at the telephoto end 1s 0.546.

Set out below are numerical data on Examples 1 to 30.
The symbols used hereinafter but not hereinbefore have the
following means:

{ 1s the focal length of the zoom lens system,
F. - 1s an F-number,

f, 1s a back focus,

WI 1s a wide-angle end,

ST 1s an intermediate setting,

TE 1s a telephoto end,

r, r,, . . . are the radi1 of curvature of lens surfaces,

d,, d,, . . . are the separations between adjacent lens
surfaces,

n,,n,,...are the d-line indices of refraction of lenses,
and

U, U, . . . are the d-line Abbe’s numbers of lenses.

In the data, length 1s given in mm. Here let x denote a
positive direction of propagation of light and y represent a
direction perpendicular to the optical axis. Then, aspherical
shape 1s given by

x=(y N 1+{1-(K+D)(3/r) P A p +A VA 9P +A Vo +A  p

where r 1s the radius of paraxial curvature, K 1s a conical
coellficient, and A, A, A, and A, are fourth-, sixth-, eighth-

and tenth-order aspherical coeflicients, respectively.
The values for conditions (I), (II) and (III)((3)—(12)) in
cach example are also given 1n Table 1.
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EXAMPLE 1
f = 38.9 ~ 68.0 ~ 131.0
Fro = 4.86 ~7.08 ~ 11.59
1 = 7.12 ~23.17 ~ 56.13
r, = 11.3217 d, =2.5000 ng, = 1.51633 vy, = 64.14
(Aspheric)
r, =-43.4496 d, =0.100
r, =-45.6229 d, =1.0000 ng, = 1.80440 v, = 39.59
r, = 549597 d, = (Variable)
re =-19.1025 d. =1.0564 n,, =1.72916 v, = 54.68
(Aspheric)
. =-40.4140 d. =0.8218
ro =« (Stop) d, =0.6000
o = 23.0124 dy =1.7080 ng, = 1.78800 v, = 47.37
o = 11.3881 d, =3.4132 Nge = 1.51633 vy = 64.14
o= —-14.6457 d,, = (Variable)
(Aspheric)
r, = =9.1999 d,, = 0.7500 Nye = 1.78800 Vs = 47.37
(Aspheric)
r,, =-42.2203 d,, = 0.1100
I, = —47.3194 d,, = 3.8800 ng, = 1.72151 vy = 29.23
r,, =-15.7864 d,, = 0.4500
fs = —12.3668 d,< = 1.5000 e = 1.49700  vyo = 81.54
(Aspheric)
r,. = -81.3068
Zooming Spaces
Wl ST TE
£ 38.9 63.0 131.0
d, 2.00000 0.82366 11.10539
d 9.99976 5.08982 0.95000

10

Aspherical Coeflicients

1st surface

= ()

4

6

o

> > > > A

10 =

2.6134 x 1077
~-6.5641 x 107

2.4330 x 107
~1.2582 x 10711

5th surface

= {J
4 =

6 —_—

o

> > 2> > A

10 =

~2.0608 x 107

~-5.5658 x 10~/
1.0980 x 107°

~1.4641 x 1071

10th surface

= ()

4

6

o

> 2> > > A

10 =

8.1012 x 107>
~9.2536 x 107/
2.4306 x 107®
~1.1943 x 1077

11th surface

= ()

4

6

o

> > 2 > A

10 =

6.2104 x 107
~2.4450 x 1
7.1762 x 107®
~7.7274 x 1071°

15th surface

K=0

4

6

A
A
A, =
A

o

10

7.9945 x 107>
9.1737 x 107’
~6.5183 x 1
4.7491 x 107
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EXAMPLE 2
f = 38.9 ~ 68.0 ~ 131.0
Fro = 5.52~8.04 ~12.60
1 = 7.10 ~ 22.61 ~ 54.26
r, = 109328  d, =2.5000 ng, = 1.48749 vy, = 70.23
(Aspheric)
r, = -39.2551 d, =0.1000
r, =-42.3641  d, =1.0000 ng, = 1.80440 v, = 39.59
r, = 79.7481 d, = (Variable)
re =-16.1092  d. =1.1765 n,, = 1.78800 v, = 47.37
(Aspheric)
. =-21.3362  d. =0.7350
r, = (Stop) d, =1.7308
o = 29.5007  dy =0.3504 ng, = 1.78590 v, = 44.20
o = 0.8792  d, =3.3513 nge = 1.57099 v, = 50.80
o, =—17.8029 d,, = (Variable)
(Aspheric)
r,, = =-87279 d,; = 0.7500 Nye = 1.77250 Vs = 49.60
(Aspheric)
1, = —52.0458 d,, = 0.0000
f, = -52.0458  d,, = 3.8800 ng, = 1.72825 vy, = 28.46
r,, =-13.6204  d,, = 0.4500
fs = -11.6124  d,< = 1.5000 e = 1.77250 vy = 49.60
(Aspheric)
I = -32.3823
Zooming Spaces
Wi ST TE
£ 38.9 68.0 131.0
d, 2.00000 0.44212 10.56895
d 9.71000 5.01726 0.95000

10

Aspherical Coefflicients

1st surface

= ()

£l

6

o

> > P PR

10 — —

3.9607 x 107
7.3702 x 107®
1.4985 x 1077
1.4135 x 10711

5th surface

= {J

4

6 —_—

o

> > P PR

10 — —

2.0608 x 10~
5.5658 x 1077
1.0980 x 107°
1.4641 x 1071°

10th surface

= ()

Ll

6

o

> B > A

10 — —

4.3785 x 107>
2.2319 x 107°
2.7917 x 10°®
2.5374 x 107"

11th surface

= ()

£l

6

o

> > P PR

1.2373 x 107
3.4150 x 107°
1.2137 x 1077

o =-1.2989 x 107~

15th surface

|
-

i

o

> PP A
[

ot
-

2.8188 x 107>
1.0906 x 107°
1.1822 x 107®
1.0684 x 1




r, = 9.7618
(Aspheric)
r, =-47.7516
r, =-50.0335
r, = 65.7939
re = -20.6074
(Aspheric)
r. =—-61.5927
(, = (Stop)
g = 17.5315
o = 7.2494
r,, = -16.5811
(Aspheric)
r,, = =7.7031
(Aspheric)
1, = —45.3636
I, = —45.3636
r,, = -13.3190
fs = —11.4317
(Aspheric)
r. = -27.9273

f

dy

d

10

f = 38.9 ~ 8.0 ~ 131.0
Fro = 6.53 ~9.51~15.14
1 = 7.56 ~ 3.19 ~ 55.88
d, =2.0000 ng, = 1.48749
d, =0.1000
d, =1.0000 Ny, = 1.80440
d, = (Variable)
d. =1.1384 n,, = 1.78800
d, =0.9345
d, =0.6000
de =1.0261 ng, = 1.78590
dy = 3.5035 nge = 1.57099
d,, = (Variable)
d,, = 0.7500 Ny = 1.77250
d,, = 0.0000
d,, = 3.8800 ng, = 1.72825
d,, = 0.4500
d,< = 1.5000 Ny = 1.77250

39

EXAMPLE 3

Zooming Spaces

Wl ST
38.9 63.0
2.00000 5.84330
8.77488 4.47604

Aspherical Coeflicients

1st surface

> > > > A

4

6

o

0
= —4.4870 x 107°
= -2.0397 x 10~/
= 8.3341 x 107

o =-1.1247 x 10710

5th surface

> > 2> > A

4

6

o

0
= -2.0608 x 107°
= -5.5658 x 1077
= 1.0980 x 10°°

o =-1.4641 x 10710

10th surface

> 2> > > A

4

6

o

10 =

0

= 4.3243 x 107
=-3.0233x 1
=-1.8616 x 1
5.7028 x 1071°

11th surface

> > 2 > A

4

6

o

0
= 1.5118 x 107*
=-2.1174 x 1
= 1.2755 x 107’

1o =-1.5496 x 1077

15th surface

K=0
A, = 3.2692 x 107>
A, = 81875 x 107
A, =-7.7102 x 107°
A, = 10063 x 107

0
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vy = 70.23

V4, = 39.59

v, = 47.37

Vg = 44.20
Vas = 50.80

Ve = 49.60

Vo = 28.46

V4 = 49.60

TE

131.0
9.05851
0.95000
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EXAMPLE 4

r, = 12.8702
(Aspheric)

r, = —43.5173
r, = —40.0133
r, = 77.4627
e = —20.2047
(Aspheric)

r. = —708.2576
(, @ (Stop)

I'e _ 545557
(Aspheric)

g = —-16.9492
I10 = —160.0718
r = 11.7033
r, = —-11.6707
(Aspheric)

13 = —=9.1737
(Aspheric)

f1, = 2375.0456
r,s = 165.8060
r= —17.7310
(Aspheric)
5= —14.7032

rg = —235.7498

10

f = 38.9 ~ 76.1 ~ 150.7
Fro = 447 ~ 7.33 ~ 13.08
fg = 7.07 ~ 24.20 ~ 58.81
d, =2.8000 ng, = 1.49700
d, =0.1000
d, =1.0000 ng = 1.78800
d, = (Variable)
d. =0.9000 Ny, = 1.78800
d. =0.9891
d, =0.6000
dy = 1.6000 ng, = 1.72825
dy =2.8820
d,, = 1.1000 n,. = 1.80518
d,, = 4.9188 Ny = 1.48749
d,, = (Variable)
d,,= 1.1000 n, = 1.78800
d,, = 0.1000
dys = 5.3000 Nye = 1.84666
d,. = 1.0407
d,, = 1.2000 Ny = 1.78800

WI ST
38.9 76.1
2.00000 7.95476
6.83851 3.06342

Zooming Spaces

Aspherical Coetlicients

1st surface

K=0
A, = 7.8195 x 10°°
A, = 4.0040 x 1078
Ag = 1.4347 x 107~
A= 1.1850 x 1074

5th surface

K=0
A, =-2.0608 x 107>
As =-55658x 107/
A, = 1.0980 x 107®
A,p =-1.4641 x 107"

Sth surface

|
-

= -1.0497 x 1077
= -3.8779 x 10~/
= 2.1987 x 107®
= 5.9028 x 1
12th surface

-

o

'l

ot
-

I
-

= 3.2108 x 10~
~-2.8786 x 107°
= 5.6865 x 10°®

0 = —6.9948 x 10-1°
13th surface

i
I

¢o
I

> Z PP A
[

K =0

A, = 2.6508 x 107*

A, =-1.6970 x 107°

A, = 1.5329 x 107®

A, = 4.0109 x 107%°
16th surface

K =0

A, = 3.3397 x 107

i

vy = 81.54

vy, = 47.37

Vs = 47.37

Vg, = 28.46

Ve = 25.42
Vs = 70.23

v, = 47.37

Ve = 23.78

Vo = 47.37

TE

150.7
10.88922
0.74148
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-continued
A, =-8.0450 x 10’
Ag = 3.9388 x 1077
A, =-5.1570 x 10712
EXAMPLE 5
f = 38.9 ~ 76.1 ~ 150.7
Fro =414 ~6.86 ~ 12.56
fg = 7.06 ~ 24.11 ~ 58.74
r, = 129969 d, =2.9770 ng, = 1.48749 vy, = 70.23
(Aspheric)
r, = -332193 d, =0.9500 ng, = 1.79952 v, = 42.22
r, = 981161 d; (Variable)
r, = =24.0737 d, =0.9000 nyz = 1.78800 Vyz = 47.37
(Aspheric)
rs = 113.4698 ds =1.0752
1, = (Stop) ds =0.7778
r, =  39.8077 d, =1.6500 ng, = 1.75520 vy, = 27.51
(Aspheric)
g = -21.6857 dy =3.1669
r, =  40.7420 d, = 1.0500 N, =1.84666 v, = 23.78
o=  10.7486 d,, = 4.8299 N = 1.48749 v, = 70.23
r; = —12.2382 d;, = (Variable)
(Aspheric)
r,= -88842 d,,=1.1000 n, =1.78800 v, = 47.37
(Aspheric)
1,5 = —1955.7589 d,; = 5.5200 Nye = 1.84666 Vs = 23.78
.= —15.6572 d,, = 1.2399
(Aspheric)
e = —12.7714 d,. = 1.3500 o = 1.78800  vyo = 47.37
o= —103.1745
Zooming Spaces
Wl ST TE
£ 38.9 76.1 150.7
d, 2.00000 7.71300 10.40671
d 0.39422 3.00182 0.95000

10

Aspherical Coeflicients

1st surface

K:

I <

4
6

A
A
Ag
A

10

1.0535 x 10~
1.9296 x 10~
3.0475 x 10°
5.8121 x 1074

O

4th surface

|
-

=

o

'

.
-

2.0608 x 1
5.5658 x 1
1.0980 x 107°

1.4641 x 107*°

7th surface

K_:

I <

4
)

A
A
Ag
A

10

7.1280 x 1
4.1495 x 1
2.3060 x 107°

6.7226 x 107°

11th surface

|
I <

i

o

> PP A
[

10 = —

6.2665 x 10~
4.1609 x 107°

= 02323 x 10°°

1.1671 x 1077

12th surface

I o

K:
Aq

3.2589 x 107

10

15

20

25
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35

40
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r, = 12.8696
(Aspheric)
r, = —35.3238
r, = 92.8471
r, = —22.4158
(Aspheric)
r5 = 700.0836
rg @ (Stop)
o=  36.3333
(Aspheric)
e = —9.1201
o = —22.0252
o= 25.8006
.= 10.8494
= —16.4473
(Aspheric)
.= —8.9680
(Aspheric)
1., = —-58.1567
e = —14.7728
(Aspheric)
o= —12.8419

r,5 = —100.1776

t

10

-continued
A, =-1.5702 x 107°
Ay = 7.9979 x 107°
A, = 59805 % 1071°

10 —

14th surface

K=0
A, = 39093 x 10
A, =-6.6786 x 107/
Ag 5.7562 x 1071°
A, = 82940 x 107**
EXAMPLE 6
f = 39.0 ~ 76.1 ~ 150.3
Fno =463~ 7.53~13.19
fg = 7.11 ~ 24.54 ~ 59.51
d, =2.9500 ng; = 1.48749
d, = 0.8000 ng, = 1.7938Y
d; = (Variable)
d, = 0.9000 ngs = 1.72916
ds =1.0115
dgs = 0.8001
d, =2.4500 ng, = 1.67284
de = 0.7000 ngs = 1.80752
d9 ==1.7445
d,o = 1.0500 nge = 1.80518
d,; = 4.6898 ng- = 1.48749
d,, = (Variable)
d,5 = 1.1000 Nge = 1.78648
d,, = 5.0000 ngo = 1.80518

Zooming Spaces

WI

39.0
2.00000
7.34685

ST

76.1
7.33738
3.78482

Aspherical Coetlicients

1st surface

I
-

-

0
I

'
[

et
-
|

1.0073 x 1
6.8256 x 1

N

=
O

1.9309 x 1
4.8800 x 1

4th surface

|
-

=

o

'

-y
-

= —-2.0608 x 1
= -5.5658 x 1

=

1.0980 x ]

7th surface

|
I <

i

o

'S P
[

[y
-

2.1236 x ]

1.4352 x

U—B

= -1.4641 x 107*°

0°
U—ﬁ

1.1201 x

07

-2.8256 x 1077

vy, =70.23
v, =43.54
Vi, = 54.68
Vo, =32.25
V. =35.64
Vi =254
v, =70.23
Vi, = 40.80
Vo =25.42
TE
150.3
10.05958
1.61331



43

-continued

12th surtace

=0

, = 6.8933 x 10~°
. =-1.4455 x 107°
= 2.3666 x 107°
o =-1.3155 x 1071°
13th surface

o

> > 2 R

K=0
A, = 2.7859 x 107
As =-5.0975x 1077
A, =-5.1045x 10~°
Ap= 5.8428 x 107

15th surface

US 6,327,100 Bl

K=0
A, = 3.3215 x 107
A, =-5.7698 x 10’
A, = 4.2850 x 1071
An= 12363 x 107
EXAMPLE 7
f = 39.0 ~ 76.1 ~ 150.3
Fro = 4.64 ~7.72 ~ 13.36
fg = 7.12 ~ 25.20 ~ 61.33
r, = 125724 d, =2.9500 n,, =1.48749 v, =70.23
(Aspheric)
r, = -342394 d, =0.8000 ng, =1.80400 vy, =46.57
r, = 0680812 d; = (Variable)
r, = -25.0518 d, =0.9000 Ny, =1.72916  vg5 =54.68
(Aspheric)
e = 2174258 d. =1.0371
r, = (Stop) d. =0.7778
r, = 206537 d, =2.4500 ng, =1.66680 vy, =33.05
g = —11.0629 dy = 0.7000 nge =1.80100 vy =34.97
o = -32.9641 dg = 1.0245
(Aspheric)
(Flare stop)
r, = 238718 d,; = 1.0500 ng. =1.80518 vy =25.42
r, = 100663 d,, = 4.3410 n. =1.48749 v, =70.23
13 = —19.1265 d;; = (Variable)
(Aspheric)
r,,= =-9.3791 d,,=1.1000 Ngg = 1.77250 Vie = 49.60
(Aspheric)
s = =59.0525 d,. = 5.0000 Ny = 1.84666 vy, =23.78
(Aspheric)
r,= -12.7768 d,, = 1.3500 N, =1.78800 v, =47.37
(Aspheric)
I = —120.4511
Zooming Spaces
WI ST TE
f 39.0 76.1 150.3
d, 2.00000 7.23869 9.98634
d 7.21914 3.71482 1.61866

10

Aspherical Coeflicients

1st surface

|
I <

> > A

1.1427 x 107
1.2721 x 1077

10
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r, = 12.8744
(Aspheric)
r, = —37.3056
r, = 522405
r, @ (Stop)
e = -18.5214
(Aspheric)
r. = 184.6535
o= 220167
(Aspheric)
g = —37.2246
(Aspheric)
rg = 276.7800
o= 140427
r,, = -12.2505
(Aspheric)
r, = —9.9838
(Aspheric)
r,= —-42.9282
f, = —48.9860
(Aspheric)
fs = —15.5379

AB
AID

44

-continued

1.1644 x 1077
1.5896 x 107

4th surface

~2.0608 x 107°
~5.5658 x 10~
1.0980 x 10°°

A, = -1.4641 x 10710

Oth surface

o

Al

10

~1.7064 x 107°
1.6356 x 107°
~-1.1806 x 10~/

2.9691 x 1077

13th surface

Ll

s}

8

> > A

0

1.3428 x 1074
~2.2088 x 107°
6.0879 x 10°°

o =-9.2974 x 10710

14th surface

2.2880 x 10~
-4.5921 x 107/

o

A a Rl

10 =

~2.5380 x 10~
1.4377 x 1
17th surface

A, =-6.9845x 107
A, = 4.7047 x 107/
Ag = 42878 x 1071
A= 14785 x 1071
EXAMPLE 8
f = 39.0 ~ 76.0 ~ 151.5
Fno =436~ 7.43 ~ 13.46
f = 7.17 ~ 27.85 ~ 69.38
d, =2.9500 g, = 1.51648
d, =0.8000 Ny, = 1.78422
d, = (Variable)
d, =1.0000
de =0.9000 ng, = 1.75132
d. =0.2000
d, =1.9623 Ny, = 1.84666
d, =0.4000
dy = 1.0500 nge = 1.83115
d,, = 4.6981 Ny = 1.50581
d,; = (Variable)
d,, = 1.0000 ny, = 1.78882
d,, = 0.4500
d,, = 5.0000 Nye = 1.83519

Vg = 67.66

Vg, = 49.93

Vs = 37.88

vy, = 23.90

Vs = 24.36
Vs = 78.46

V4o = 47.65

Ve = 25.47



1,6 = —12.7408
(Aspheric)
r, = —123.9876

o L R
i

10

dlﬁ — 1.3500

45

-continued

fyo = 1.68023

Zooming Spaces

Aspherical Coeflicients

1st surface

Wl ST
39.0 76.0
3.50000 8.59796
9.46194 4.16209

5th surface

K=0
A, = 9.3084 x 1
A, = 1.2921 x 1
A, =-57435x 1
A;p= 1.8161 x 107

7th surface

K =0
A, =-2.0608 x 107>
A, =-55658x 10~
Ay = 1.0980 x 1078
A, = -1.4641 x 10710

Sth surface

K=0
A, =-29710x 107
A, =-2.3497 x 107°
Ag = 2.4942 x 107°
Ap = -4.4893 x 107°

K=0
A, = 2.6581 x 107
A, =-19171 x 107°
Ag =-1.3320x 107°
A, = -3.6848 x 107°
11th surface

K=0

A, = 87404 x 10
A = 41687 x 1077
Ay = 3.8713 x 1077
A= -2.6178 x 10710
12th surface

K=0

A, = 2.1084 x 107*
As = 9.8587 x 1077/
Ag =-1.8722 x 107°
Ajn= 7.5975 x 107!
14th surface

K=0

A, =-4.8597 x 107
A, =-1.9530x 107/
A, = 1.5501 x 107~
Ap= 1.2106 x 107
16th surface

K=0

A, = 29833 x 10°°
A = 25273 x 1077
A, = 41317 x 107°
Ao =-2.3739 x 107*°

US 6,327,100 Bl

"‘*’dg — 5759

TE

151.5

11.66312
1.50000
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EXAMPLE 9
f = 39.0 ~ 76.1 ~ 150.4
Fro = 4.39 ~ 7.54 ~ 13.60
fg = /1.19 ~ 29.10 ~ 72.16
r, = 13.0037 d, =2.9500 ng, = 1.50811 vy, = 72.00
(Aspheric)
r, =-33.0052 d, =0.8000 ng, = 1.70076 vy, = 56.13
r, = 40.7995 d; = (Variable)
r, =% (Stop) d, =1.0000
e =-22.9500 d. =0.9000 Ny, = 1.69317 vy = 46.12
(Aspheric)
r. =177.1484 d. =0.2000
r, = 267782 d, =1.8013 ng, = 1.84666 Vg = 23.90
(Aspheric)
rq =-71.1578 dy =0.4000
(Aspheric)
ro = 659232 d, =1.0500 nys = 1.83950 Vys = 25.37
o= 131937 d,, = 4.6403 Ny = 1.49974 v . = 79.80
r; = —11.7339 d,; = (Variable)
(Aspheric)
r, = —10.8109 d,, = 1.0000 ng, = 1.74349 v = 52.60
(Aspheric)
I3 =-42.9282 di3 _ gos0o
f. = =28.1164 d,, = 4.5410 e = 1.84065  wvge = 25.12
(Aspheric)
5 = —14.6344 d,5 =0.7777
fo = —12.0553 d,. = 1.3500 Nyo = 1.63957 w4, = 60.71
(Aspheric)
t, = -77.1672
Zooming Spaces
WI ST TE
f 39.0 76.1 150.4
d, 3.50000 8.74979 11.94833
d 8.630°73 4.19708 1.50000

10

Aspherical Coetlicients

1st surface

I
-

-

o
I

'l
[

ot
-

5th surface

9.6099 x 107°
1.1216 x 107
= -1.2384 x 1071
= 2.3047 x 1071

7th surface

K =0
A, =-2.0608 x 107>
A, =-55658x 10~
Ay, = 1.0980 x 1078
A, = —-1.4641 x 10710

ot
-

Sth surface

K=0
A, =-22073x 107
A, =-1.4306x 107
Ag = 2.9491 x 1077
A,,=-1.8124 x 10°®

K=0
A, =-2.0275%x 1077
As =-1.2809 x 107
A, = 1.1998 x 107/
A,p =-9.0718 x 1077

11th surface

I
-

i
Il

o
I

'l
[

[y
-

1.2921 x 1074

5.2904 x 1077

6.1501 x 107°
~-8.1376 x 1071°




r, = 12.3955
(Aspheric)

r, = 149.3462
r, =—-184.3987
r, = 481818
(Aspheric)

re = 39.7315
(Aspheric)

. = —19.8503
r, = -19.4178
re =—107.9985
ro = (Stop)
o= 640102
r, = 11.5871
= -15.0152
(Aspheric)
r, = —10.0699
(Aspheric)
f,= —59.1291

o= —20.8670
r, = —12.6393

(Aspheric)
fo= —49.8003
f
d
do
d

12

47

-continued

12th surface

|
-

2.0154 x 1077
~1.4695 x 107°
= 4.0230 x 1078
=-3.9527 x 1071
14th surface

-

o
I

> PP A
[

o
-

K=0

A, =-6.0168 x 107>
A, = 1.1649 x 107°
A, =-2.1082 x 1078
Ap = 1.2439 x 10710

o
-

16th surface

1.4370 x 107>
= 1.5096 x 107’
= 6.4638 x 1071
= 3.7300 x 107!

o
I

> &P P
|

[y
-
I

EXAMPLE 10

US 6,327,100 Bl

= 38.900 ~ 72.127 ~ 131.000

Fyo = 4.539 ~ 7.253 ~ 11.736
fg = 7.130 ~ 23.328 ~ 55.778
d, =2.0000 ng; = 1.49700
d, =0.1000
d, = 1.0000 ny, = 1.78800
d, = (Variable)
d. =1.3500 n,, = 1.61772
d. =0.1000
d, = 0.8888 ng, = 1.78800
dg =0.9242
do = (Variable)
d,, = 0.7770 nge = 1.80440
d,, = 5.0290 Ny = 1.57135
d,, = (Variable)
d,, = 0.7500 Ny, = 1.69680
d,, = 0.1000
d, < = 3.7000 Ny = 1.84666
d,- = 1.1000 n,, = 1.77250

Zooming spaces

Wl

38.900
1.70000
4.77702
5.62694

ST

72.127
8.10722
4.29345
2.00553

Aspherical Coeflicients

1st surface

K:

I <

, =-3.5635x 107°

8

10
5th surface

A
A, = 80737 x 107°
A
A

~-2.7849 x 107~
4.1470 x 107

K=20
A4=
A

~2.0608 x 107°
. =-5.5658 x 10~

vy, = 81.54

Vg, = 47.37

v, = 49.81

vy, = 47.37

Ve = 39.59

v, = 55.53

Ve = 23.78

Vo = 49.60

TE

131.000
12.29582
0.70000
0.95000
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r, = 10.0013
(Aspheric)
r, = —49.4980
r, = —45.7408
r, = 39.8705
e = 94.4892
(Aspheric)
e = 10.7208
r, =-32.2467
rg @ (Stop)
1, = 48.6685
o= 11.6896
r,, = —15.8138
(Aspheric)
r, = —7.9539
(Aspheric)
fy = —94.6627
fy, = —16.6020
r. = -11.7913
(Aspheric)
fie = —36.3246

f

d

e

d

11

43

-continued

Ag = 1.0980 x 107°
Ay = -1.4641 x 1071°
12th surface

7~
I
I o

A, = 9.7423 x 1072
A, =-6.7565x 1078
A —
A

7.1568 x 107~
~7.8485 x 10~
13th surface

0
I

K=0

A, = 1.8346 x 1074
As = 3.8923 x 1077/
A, = 7.6107 x 1077
A,y = -8.7159 x 107

17th surface

K=0
A, = 29258 x 107
As = 4.9354 x 107/
A, =-2.8024 x 1077
A, = 3.8630 x 107"
EXAMPLE 11
f = 38.900 ~ 68.000 ~ 131.000
Fno = 5.021 ~ 7.800 ~ 13.937
g = 7.103 ~ 20.339 ~ 51.907
d, =2.0000 ng, = 1.48749 Vg = 70.23
d, =0.1000
d, =1.0000 ng, = 1.79952 V4, = 42.22
d, = (Variable)
ds =1.3500 ngs = 1.60562 Vg = 43.70
dg = 0.8994 ng, = 1.78590 Vaq = 44.20
d, =0.8223
dg = (Variable)
dg =0.7770 ngs = 1.78590 Vys = 44.20
d,q = 4.7359 Ngs = 1.57099 Vas = 50.80
d,; = (Variable)
d,, = 0.7500 ng, = 1.77250 V4 = 49.60
d,5 = 3.7000 nge = 1.74000 Vag = 28.28
d,q = 1.1000 Ngo = 1.77250 V4o = 49.60
Zooming Spaces
WI ST TE
38.900 68.000 131.000
1.70000 5.52766 9.35963
3.89423 3.92395 0.70000
4.46489 1.80147 0.95000

Aspherical Coetlicients

1st surface

K:

I <

, =-6.1561x 107

8

10
5th surface

A
A, = 5.4935 x 1078
A
A

-6.6750 x 107"
2.2399 % 1

K=
Ay
A

I <

~2.0608 x 107
. =-5.5658 x 1077



r, = 15.2499
(Aspheric)

r, = —34.3500
r, = -34.0373
r, = 141.6060
e = -23.6404
(Aspheric)

rs = 108.9119
r; = (Stop)
e = 51.9720
(Aspheric)

ro = —24.8664
o= 30.7493
r, = 11.2456
r,, = -12.4600
(Aspheric)

f,= —9.3838
(Aspheric)

r,, = 82.3876
1,5 = 93.9940
I = —18.5910
(Aspheric)

r,, = -10.7107
f1q = —=29.5940
f
dy
g
d

12

49

-continued

> >

o
I

1

1t

—
=

|
I <

-

o

> Z A
|

1.0980 x 10°°
~-1.4641 x 1071
surface

1.8044 x 107*
= —4.3057 x 107°
= 1.8028 x 107’

o =-2.6432 x 107°

12th surface

K=0

A, = 3.2466 x 1074
As =-2.9739 x 107°
Ag = 1.3414 x 107/
A, =-1.0713 x 1077

15th surface

US 6,327,100 Bl

K=0
A, = 27100 x 107
As = 1.1157 x 107°
A, =-9.0648 x 1077
A;p = 8.8990 x 107
EXAMPLE 12
f = 38.899 ~ 63.000 ~ 170.500
Fno = 4.233 ~ 6.064 ~ 12.355
fh = 7.153 ~ 18.142 ~ 56.984
d, = 3.0000 ng, = 1.49700 Vg = 81.54
d, =0.1000
d, =1.0000 ny, = 1.78800 Vo, = 47.37
d, = (Variable)
ds =0.7704 ngs = 1.78800 Vg = 47.37
ds =1.0871
d, = 0.6000
ds =1.0351 ng, = 1.72825 Vqq = 28.46
dg = (Variable)
d;n = 0.7030 ngs = 1.80518 Vys = 25.42
d,, = 4.0000 ngs = 1.48749 Vys = 70.23
d,, = (Variable)
d,5 = 0.7000 ng; = 1.78800 Vyy = 47.37
d,, = 0.1000
d,s = 3.8000 nge = 1.84666 Vyg = 23.78
d,s = 3.1000
d,; = 0.4800 n4e = 1.78800 Vag = 47.37
Zooming Spaces
WI ST TE
38.899 63.000 170.500
2.00000 7.03771 16.83611
4.18635 3.44383 4.09255
7.57624 5.06826 0.76416

Aspherical Coeflicients

1st surface

K=0

A, = 3.7309 x 107°
As = 1.2867 x 10°®
A, = 1.0173 x 107°
A,p =-5.9905 x 107*°

10
5th surface

10

15

20

25

30

35

40

45

50

55

60

65

50

-continued

|
I <

i

o
I

> PP P A
|

Sth surface

-2.0608 x 107°
= -5.5658 x 107/
= 1.0980 x 10°°
0 =—-1.4641 x 107

K=0
A, =-4.2948 x 107
A =-5.8967 x 107/
A, = 4.3206 x 107°
A,p = -1.3004 x 1077
12th surface
K=0
A, = 35172 x 107
A, =-5.0215x 107"
A, =-1.9435x 107°
A= 29223 x 107
13th surface
K=0
A, = 29996 x 10~*
A, = 5.8601 x 107/
Ay =-2.2238 x 107°
A, = 6.0535x 107"
16th surface
K=0
A, = 31651 x 107
A, =-1.3318x 107/
Ay =-7.2577 x 1077
An= 39663 x 1071
EXAMPLE 13
f = 38.875 ~ 76.000 ~ 170.505
Fno = 5.401 ~ 9.190 ~ 14.996
fn = 7.183 ~ 24.380 ~ 53.073
r, = 13.5596 d, =2.5556 ng, = 1.49700 Vg = 81.54
(Aspheric)
r, =-30.3701 d, =0.1000
r, = —30.7258 d; =1.0000 ng, = 1.78800 Vg, = 47.37
r, = 102.1466 d, = (Variable)
r; = —-28.3624 ds =0.8475 ngs = 1.78800 Vs = 47.37
(Aspheric)
rs = 34.6645 d, =1.1855
r, = (Stop) d, =0.6000
re = 30.4980 de =0.8234 ngs = 1.72825 Vaq = 28.46
(Aspheric)
1o = —24.0049 de, = (Variable)
r,n= 47.4414 d,, = 0.7786 ngs = 1.80518 Vs = 25.42
ry, = 11.8417 d,, = 4.0000 nge = 1.48749 Vs = 70.23
r,, = —9.8436 d,, = (Variable)
(Aspheric)
r,; = —3.30684 d,, = 0.7000 ny-, = 1.78800 V4, = 47.37
(Aspheric)
r,, = 068.8908 d,, = 0.1000
I = 089885 d,s = 3.7000 nge = 1.84666 Vae = 23.78
I, = —20.6437 d, s = 3.8000
(Aspheric)
r; = =-9.8902 d,, = 0.7700 Ngo = 1.78800 Vo = 47.37
o = —21.7642
Zooming Spaces
WI ST TE
f 38.875 76.000 170.505
d, 2.00000 7.19289 16.38487
dg 3.62892 2.63768 4.16286
C 6.71060 4.14546 0.65343

12

Aspherical Coetlicients



r, = 14.3382
(Aspheric)

r, =-32.8810
r, =-32.8810
r, = 146.7425
. = 34.4464
(Aspheric)

e = 31.0427
r; = (Stop)
g = 28.7619
(Aspheric)

ro =—-33.6187
0= 29.7595
r,, = 10.1990
f, = —10.3343
(Aspheric)

= —8.3096
(Aspheric)

.= 61.6854
s = 73.2586
[ = —18.5768
(Aspheric)

r5 = —10.0069
g = —23.5186

51

-continued

1st surface

K=0

A, = 3.5822x10°°
A, =-7.2087 x 1078
A, = 3.9598 x 107°
A, =-3.9823 x 107

10
5th surface

K =0
A, =-2.0608 x 107>
As =-5.5658 x 1077
Ag = 1.0980 x 1078
A, =-1.4641 x 1071°

10
Sth surface

|
-

-

oo

D

o
-

= -8.9744 x 107
= -2.1252 x 107°
= 2.0142 x 107’
= -8.1010 x 10°
12th surface

K=0
A, = 7.5275 x 107>
A, =-4.3680x 107’
A, =-2.7804 x 107°
A= 4.7168 x 10710

[y
-

13th surface

|
I o

-

o
I

'
I

o
-

16th surface

3.9428 x 107
2.6694 x 107°
= -6.1052 x 10~°
1.5157 x 107~°

US 6,327,100 Bl

K=0
A, = 2.9340 x 107
Ag; = 1.0814 x 107/
Ag =-1.0943 x 107°
A, = 6.8944 x 107
EXAMPLE 14
f = 38.901 ~ 76.003 ~ 170.510
Fno = 4.821 ~ 7.911 ~ 13.286
fp = 7.190 ~ 23.544 ~ 54.667
d, =2.5556 ng, = 1.49700 vy, = 81.54
d, =0.1000
d, = 1.0000 ng, = 1.78800 vy, = 47.37
d, = (Variable)
d. = 0.8259 g, = 1.78800 vy = 47.37
d, =1.2343
d, = 0.6000
dy = 0.9265 ng, = 1.75251 vy, = 27.33
dg = (Variable)
d,o = 0.7123 nys = 1.80518 Vs = 25.42
d,, = 4.0000 n,. =1.48749 v, = 70.23
d,, = (Variable)
d,, = 0.7000 ng, = 1.78800 vy, = 47.37
d,, = 0.1000
d, < = 3.7000 Nye = 1.84666  vyo = 23.78
d, . = 3.8000
d,, = 0.7700 o = 1.78800  vyo = 47.37

10

15

20

25

30

35

40

45

50

55

60

65

f

d

dg

dys
r, = 16.3446
(Aspheric)
r, = —-22.4860
r, = -20.6652
r, =-564.8973
(Aspheric)
e = —33.0067
(Aspheric)
. = 36.8748
r; = (Stop)
o = 19.2468
(Aspheric)
fo = —44.8913
0= -30.9069
=  7.6437

52

-continued

ZoomingSpaces

WI

38.901
2.00000
4.05726
0.61820

Aspherical Coeflicients

ST

76.003

8.28701
2.79254
3.85187

1st surface

K=0

4 =
g =

A
A, =
A
A

10 —

3.1413 x 10°°
~3.2310 x 107°

2.1936 x 107°
~1.6581 x 10711

5th surface

|
I o

i

o
I

'S dl
[

o = —1.4641 x 10710

~2.0608 x 10~
~5.5658 x 107’
1.0980 x 10°°

Sth surface

I
I <

-

0
I

> PP A
[

[y
-

—
[-J
=

t

~6.2449 x 10~
~1.4278 x 107°

9.6247 x 1078
~3.4425 x 107°

surface

I
I <

=

0
I

'l
|

[y
-
I

6.0235 x 107

= -2.3375 x 107’
= -6.0300 x 107°

8.9424 x 1071V

13th surface

|
I <

-

o
I

> PP A
|

ot
-
I

3.8259 x 107*
2.8864 x 107°

= -9.9366 x 107°

2.0212 x 1077

16th surface

I
-

i
Il

¢o
I

> F PR
[

ot
-

2.6439 x 1
9.2963 x 1
-1.5396 x 1
8.7003 x 1

=9
oA

|
L0

Cf:f:‘l
[y
[y

EXAMPLE 15

TE

170.510
16.24547
3.45195
0.70625

f = 38.900 ~ 64.000 ~ 195.689

Frno = 4.534 ~ 7.076 ~ 15.782
f,  =7.128 ~ 19.361 ~ 52.905
d, =2.5556 n,, =1.49700

ds =0.7359 nys = 1.49700

d, =0.1000
d, =1.0000 n,, =1.79952
d, = (Variable)

de =1.2417
d, =0.6000
de =1.1380 g, = 1.68893

dg = (Variable)
d,o = 0.4000 Nys = 1.78590
d,, = 2.5000 g = 1.48749

vy, =81.54

vy, =42.22

vy =81.54

vy, =31.07

Ve = 44.20
Vs =70.23
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-continued
= -14.2605 d,, = 1.4109
(Aspheric)
r.,= -67.0280 d,, = 3.0000 n, =1.49700 v, =81.54
r,= -—85250 d;, = (Variable)
(Aspheric)
rs = =9.2654 d,s=0.7000 Nge = 1.77250 Vie = 49.60
(Aspheric)
16 = 46.6477 d;s = 0.1000
o= 421310 d, = 3.4847 Ny =1.69805 vy, =30.13
rg = —18.5243 d,q = 3.6777
(Aspheric)
o= -10.3352  d,, = 0.7700 N, =1.77250  vgo = 49.60
fo= =33.1778
ZoomingSpaces
Wl ST TE

f 38.900 64.000 195.689

d, 2.00000 4.74993 18.90160

dg 1.30395 0.72450 5.99970

d 8.39794 0. 77987 0.47770

14

Aspherical Coeflicients

1st surface

~2.7646 x 10>

~6.0389 x 10~/
7.3423 x 1077

~2.0840 x 1071°

> 2
Il

~4.6115 x 107>

~4.0388 x 10~/
4.7911 x 107°

~1.0123 x 1071°

5th surface

K:

I <

4

A
Ag
A
A

8
10 =

~2.0608 x 10~

~5.5658 x 10~/
1.0980 x 1078

~1.4641 x 1071°

Sth surface

I
-

i

o

D

o
-

~8.1613 x 107

= -4.1056 x 10~/

3.3730 x 1078
-1.1601 x 107

12th surtace

|
I o

i

o
I

>z P A
[

o
-

1.7833 x 10~
6.3902 x 107°
~2.5179 x 10~/
1.4001 x 10°®

14th surface

I
I <

-

o

PP A
|

10 =

-4.0596 x 107

=-2.6173 x 107°

3.9432 x 10°°
~-2.9819 x 107°

15th surface

I
I <

=

0
I

'l
I

[y
-
|

4.4633 x 107
9.7579 x 107/

= -2.8289 x 107°

5.0637 x 107t

18th surface

|
I <

> > A

h

1.0316 x 107
2.8356 x 107°
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r, = 162017
(Aspheric)
r, = -19.9744
r, ==—=88490.000
(Aspheric)
, = —24.4652
(Aspheric)
re = 70.1741
rg = (Stop)
o= 250730
(Aspheric)
g =  —58.8960
o =  —30.6068
o = 7.1455
=  —15.0067
(Aspheric)
., = —305.2271
I3 = -8.6119
(Aspheric)
T4 = -9.6215
(Aspheric)
s =  42.3893
.=  37.9381
.= -17.3559
(Aspheric)
o=  —10.4451
o=  —34.2222

f

ds

dg

d

13

-continued
Ag =-1.0128 x 107°
A= 41695 x 1071
EXAMPLE 16
f = 38.899 ~ 63,997~ 195.501
Fno = 4.538 ~ 7.092 ~ 15.767
fa = 7.202 ~ 19.558 ~ 48.980
d, = 2.9000 ng, = 1.49700 v, =81.54
d, = 1.0000 ng, = 1.80440 w4, = 39.59
d, = (Variable)
d, =0.7423 ngs = 1.49700 v, =81.54
ds =1.1274
ds = 0.6000
d, =0.9391 ng, = 1.80518 vy, =2542
d, = (Variable)
de = 0.4000 ngs = 1.78800 v, =47.37
d,o = 2.5000 nge = 1.49700 v, =81.54
d,, = 3.0000 ng- = 1.49700 v, =81.54
d,; = (Variable)
d,, = 0.7000 nge = 1.78800 v, =47.37
d,s = 0.1000
d,s = 3.6778 Ngo = 1.67270 w4 = 32.10
d,;, = 3.7777
Zooming Spaces
WI ST TE
38.899 63.997 195.501
2.00000 4.67508 18.83544
0.83701 0.27700 7.75213
9.04819 7.37482 0.35500

Aspherical Coefhicients

1st surface

K=0

A, =-31325x 107
A, =-5.9183x 107/
Ae = 4.7621 x 107°
A, = -2.3762 x 1071°
3rd surface

K=0

A, =-4.6149 x 107°
A, =-3.3764x 1077
Ag = 1.8164 x 107"
A, =-7.5224 x 10711
4th surface

K=0

A, =-2.0608 x 107°
A, =-55657 x 1077
Ag = 1.0980 x 107°
A,p =-1.4641 x 107"
7th surface

K=0

A, =-56017x 107
A; =-82392 x 1078



r, = 11.5582
(Aspheric)

r, = 122.2804
r, = 115.5311
r, = 29.4402
e = —17.5941
r. = —63.5759
r; = (Stop)
o = 16.2511
o =  9.1743
ro= -17.3932
(Aspheric)
r,, = —11.8105
(Aspheric)

r,, = 1282.9495
= -16.7949
o= -12.6636

(Aspheric)
o= -31.2231
f
d
d
d

10

33

-continued

> >

o
I

1

1t

=

surface

—

|
I <

-

0
I

> Z A
|

[y
-

13th surface

1.4472 x 1077
~-4.1085 x 10711

1.4337 x 107*
= 5.5698 x 107°
= -1.9751 x 107’
1.1794 x 1078

K=0
A, =-43762 x 107°
As =-2.1626 x 107°
Ae = 1.0046 x 107°
A, =-1.9370 x 1077

14th surface

|
I o

-

o
I

> Z A
|

o
-
I

17th surface

3.8853 x 107
= 8.9123 x 107/
=-1.2769 x 107%
2.2980 x 1071

US 6,327,100 Bl

K=0
A, = 85322x 107
As = 9.8306 x 107°
Ag =-4.3369 x 1077
A, =-4.1004 x 107*°
EXAMPLE 17
£ = 38.368 ~ 71.000 ~ 102.500
Fno =4.113 ~ 6.428 ~ 8.945
g = 7.068 ~ 20.485 ~ 44.690
d, =2.7500 ng,; = 1.48749 Vg, = 70.23
d, =0.1000
dy = 1.0000 ng, = 1.80440 Vg = 39.59
d, = (Variable)
ds = 0.8015 ngs = 1.48749 Vgz = 70.23
d, = 0.8436
d, = (Variable)
ds = 3.6484 ng, = 1.84666 Vgq = 23.78
dg =4.2921 ngs = 1.57099 Vgs = 50.80
d,, = (Variable)
d,, = 1.1000 Ngg = 1.77250 Vas = 49.60
d,, =1.0777
d,5 = 3.6200 ng; = 1.84666 Vq7 = 23.78
d,, = 0.7700
d,s = 1.5000 nge = 1.78800 Vae = 47.37
ZoomingSpaces
WI ST TE
38.368 71.000 102.500
2.00000 7.90736 10.30299
0.73252 0.37000 0.70000
7.76420 3.07868 1.10000

Aspherical Coeflicients

1st surface

0

K =
A,
Ag

-5.5218 x 107°
= -1.0430 x 107’
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r, = 10.8785
(Aspheric)

r, = 562.7049
r, = 25.1515
r, = —20.0313
e = 158.2046
rg = @ (Stop)
o= 11.5132
o =  7.0364
o = —21.3857
(Aspheric)

fo= —10.5733
(Aspheric)

r = —106.0650
r,, = —106.7580

r,= —18.1519
r, = —11.3561
(Aspheric)
r.= -26.0000

f

s

dg

d

56

-continued

Ag = 1.5627 x 107~
Ay =-1.1766 x 10711

10th surface

11th surface

K_:

I <

A
A
Ag
A

K =0
A, = 1.2323 x 107*
A, =-4.6225x 1078
Ay = 1.2523 x 1078
A, = —3.5240 x 10710

A 3.1603 x 107>
. =-1.2912 x 107/
1.2697 x 107°
0 = —3.6932 x 107
15th surface

K=0
A, = 5.8265x 10
As = 3.6115 x 107/
A, =-2.0809 x 1077
Ao = 3.7992 x 107
EXAMPLE 18
f = 38.000 ~ 71.000 ~ 102.499
Fno = 4671 ~ 7.893 ~ 10.835
g = 7.582 ~ 27.923 ~ 46.955
d, =2.7500 ng, = 1.48749 Vg = 70.23
d, =1.0000 Ny, =1.79952 Vg = 42.22
d, = (Variable)
d, =0.7800 ngs = 1.48749 Vs = 70.23
ds =1.0560
dg = (Variable)
d, =3.1700 ng, = 1.80518 Vaq = 25.42
dg =4.6500 ngs = 1.57135 Vys = 52.95
dg = (Variable)
d,q = 1.0000 Ngs = 1.78800 Vye = 47.37
d,, = 0.1000
d,, = 3.2000 ng,; = 1.84666 V4 = 23.78
d,5 = 2.4137
d,, = 1.0000 nge = 1.78800 Vag = 47.37
Zooming Spaces
WI ST TE
38.000 71.000 102.499
2.00000 6.30857 8.23895
0.68973 0.64113 0.70000
7.33769 3.11753 1.44528

Aspherical Coetlicients

1st surface

|
-

=

0
I

'
[

-y
-

|
I <

i

o
I

> Z PP A
|

[y
-

1.3648 x 107°
~2.5481 x 107’
= 1.0741 x 1078
= -1.2945 x 1071

Oth surface

1.6387 x 10~
= 2.7074 x 107°
= -4.8760 x 107°
4.3112 x 1




r, = 7.9613
(Aspheric)
r, = -42.4257
r, = 22.6076
r, = -9.1654
e = —9.7747
t, = (Stop)
= 11.7299
g = 6.6769
ro = 530.4140
(Aspheric)
o= —7.9278
(Aspheric)
r, = —28.7936
f, = —32.6790
r. = -13.8121
r, = —10.7456
(Aspheric)
I = —19.0477

f

dy

ds

g

S7

-continued

10th surface

K=0

A, = 1.2054 x 107*
As = 3.0604 x 107°
Ay =-3.4777 x 1078
A,,= 2.2971 x 10710

o
-
I

14th surface

US 6,327,100 Bl

K=0
A, = 9.7476 x 107°
A, = 7.9913 x 10°°
Ay =-7.7106 x 1077
A= 9.4422 x 107
EXAMPLE 19
£ = 38.000 ~ 70.975 ~ 104.035
Fano = 6.746 ~ 11.983 ~ 15.801
g 8.004 ~ 30.280 ~ 51.793
d, =2.7500 ng, = 1.48749 Vg = 70.23
d, =1.0000 ng, = 1.78800 Vo, = 47.37
d; = (Variable)
d, =1.2378 ngs = 1.80518 Vgz = 25.42
ds = 0.6128
d. = (Variable)
d, =0.5500 ng, = 1.77250 Vaq = 49.60
dg =2.9797 ngs = 1.53996 Vgs = 59.46
dg = (Variable)
d;n = 1.1000 Nge = 1.78800 Vas = 47.37
d,, = 0.1000
d,, = 2.5400 ng,; = 1.72151 Vq7 = 29.23
d,5 = 1.3496
d,, = 1.1000 nge = 1.72916 Vae = 54.68
Zooming Spaces
WI ST TE
38.000 70.975 104.035
2.00000 3.43786 6.16123
0.63101 1.96829 0.70000
7.83743 3.43691 1.55072

Aspherical Coeflicients

1st surface

K=0

A, = 4.3030 x 107°
As =-1.4802 x 107°
Ag = 8.6811 x 1078
A, =-1.1354 x 107°

Oth surface

|
-

1.5717 x 107
4.3159 x 107°
=-8.1577 x 1
= 2.4927 x 107
10th surface

=

0
I

>z PP A
[

.
-
I

|
I <

41125 x 107>
= 1.8010 x 107°
= -4.5850 x 1
2.1417 x 107°

i

o
I

'S Pl
|

[y
-
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r, = 14.4920
(Aspheric)
r, = 4743321
r, = 31.5033
r, = -21.1491
e = -51.3952
r, = (Stop)
o= 12.7290
e = 69185
o = —19.8296
(Aspheric)
fo= —11.0129
(Aspheric)
r, = —109.9254
r, = —111.1094
.= —18.1871
r, = —10.8935
(Aspheric)
r,.= -26.0000

f

d;

s

d

53

-continued

14th surface

K=20
A, = 8.8083x 107
A = 5.1072 x 107/
Ag =-3.1372x 1077
A, = 2.6050 x 107
EXAMPLE 20
£ = 38.900 ~ 63.100 ~ 102.501
Fno = 4316~ 5.205 ~ 7.450
g = 7.081 ~ 19.138 ~ 39.817
d, 2.7500 ng, = 1.48749 Vg = 70.23
d, =1.0000 ng, = 1.79952 Vi, = 42.22
d; = (Variable)
d, =0.9138 ngs = 1.71700 Vaga = 47.92
ds =0.8666
ds = (Variable)
d, =5.5579 ngy = 1.80518 Vaga = 25.42
dg =4.9171 ngs = 1.57099 Vys = 50.80
de, = (Variable)
d,q = 1.0000 nge = 1.78800 Vas = 47.37
d,, = 3.2000 n,, = 1.84660 Vg = 23.78
d,, = 1.0000 nge = 1.78800 Vag = 47.37
Zooming Spaces
WI ST TE
38.900 63.100 102.501
2.00000 11.21359 16.74605
1.58525 0.37000 2.01225
7.15929 3.94703 1.50000

Aspherical Coefflicients

1st surface

K=0

A, =-2.0435x%x 107°
A, =-4.9824 x 107°
A, = 7.0504 x 1071
A, =-7.3534 x 10712

Oth surface

K=0

A, = 1.4020 x 1074
A, =-1.8453x 107°
A = 1.2534 x 107/
A, =-2.6473 x 107°

10th surface

|
I o

1.8245 x 10~
= 1.4492 x 107°
= -6.7267 x 107°
1.1881 x 1
14th surface

i

o
I

'l
|

ot
-

I
I <

~1.1125 x 107
= 2.6278 x 1077
= -5.7782 x 107°
7.0254 x 1

-

0
I

PP A
|

[y
-
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EXAMPLE 21
f = 38.911 ~ 73.021 ~ 131.094
Fno = 4.336 ~ 6.743 ~ 11.863
1 = 7.119 ~ 25.590 ~ 56.318
r, = 146969 d, = 2.0000 ng, = 1.51693 vy, = 66.31
(Aspheric)
r, = —62.3828 d, =0.1000
r, = —64.93690 d, = 1.0000 ng, = 1.79441 vy, = 43.22
r, = 51.6467 d, = (Variable)
re = -30.8971 d. =0.8975 n,, = 1.49800 v, = 80.20
(Aspheric)
r. = 2104975 d. = 1.0453
r, = (Stop) d, = (Variable)
o = 186356 dy =5.6801 ng, = 1.84476 vy, = 23.95
o = 107170 dy = 4.5319 nge = 1.57302  vye = 59.44
ro= -17.2268 d,, = (Variable)
(Aspheric)
r, = —-11.7040 d,; = 0.5000 Nye = 1.77250 Vs = 49.60
(Aspheric)
1, = 398.6733 d;, = 0.3540
[, = —234.3182  d,, = 4.7272 ng, = 1.72825 vy, = 28.46
r,, = -14.4914 d,, = 0.4037
s = -12.8026 d,< = 1.5000 Nge = 1.67114  vye = 58.23
o= —76.9428
Zooming Spaces
Wl ST TE
£ 38.911 73.021 131.094
d, 2.00000 10.41885 14.76530
d- 2.26033 1.15781 2.34714
d 9.00000 4.00982 0.95000

10

Aspherical Coeflicients

1st surface

= ()

4

6

o

> > > > A

10 = —

2.0637 x 107°
2.1306 x 107°
1.0394 x 1077
1.2020 x 10711

5th surface

K=0
A, =-2.0608 x 107
As =-5.5658 % 1077
Ag = 1.0980 x 10°°
Ap = -1.4641 x 1071°

10th surface

K=0

A, = 7.8963 x 107
As =-1.2330x 1077
A, = 2.0248 x 107°
A, =-1.3898 x 107

11th surface

K=0
A, = 8.8890 x 107
As = 6.3801 x 1077/
A, =-7.8462 x 107°
A, =-4.3770 x 107

15th surface

K =0
A, = 21323 x 107
A, = 79708 x 107°
A, =-12854x 1078
A= 41007 x 107

10

10
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60
EXAMPLE 22
f = 38.900 ~ 68.000 ~ 131.001
Fno = 4836 ~ 7.311 ~ 12.073
1 = 7.257 ~ 23.159 ~ 56.072
r, = 11.2486  d, =2.5000 Ny 1 s1eas vy, = 64.14
(Aspheric)
r, =-47.0932  d, =0.1000
r, =-49.7560  d, =1.0000 ng, = 1.80610 v, = 40.92
r, = 49.0566 d, = (Variable)
ro =-21.6874  d. =1.1168 n,, = 1.78800 v, = 47.37
(Aspheric)
. =-38.6082  d. =0.8149
r, = (Stop) d, = (Variable)
g = 21.6420  dy =3.1231 ng, = 1.77250 v, = 49.60
o = 10.3018  dy = 3.4208 nge = 1.51633 vy = 64.14
o= —16.0625 d,, = (Variable)
(Aspheric)
r,, = —-8.3804 d,; = 0.8500 Nye = 1.78800 Vs = 47.37
(Aspheric)
r,, = —21.7095 d,» = 0.1100
f, = =23.7221  d,, = 3.2500 ng, = 1.84666 vy, = 23.78
r, =-13.9829  d,, = 0.9255
fs = —11.4447  d,. = 1.0000 e = 1.74100 vy = 52.64
(Aspheric)
r. = -32.3585
Zooming Spaces
Wi ST TE
£ 38.900 68.000 131.001
d, 2.00000 6.01171 9.49632
d- 0.60000 1.02474 1.39939
d 9.043235 4.57222 0.95000

10

Aspherical Coeflicients

1st surface

K=0

4

B —_—

A
Asg
A
A

10 — —

1.9054 x 107°
7.8075 x 1078
4.0479 x 107°
2.5101 x 107

5th surface

=0

4
]

o

> > B 2 A

-2.0608 x 1
-5.5658 x 1

0—5
U—_.u"r

1.0980 x ]

10th surface

-

o

' A

10

7.6068 x 1
1.4543 x 1
-1.3692 x 1

0®

o = —1.4641 x 10710

4.8791 x 1

11th surface

£l

6

o

> > P PR

0

1.8989 x 1
-1.7894 x 1

8.8543 x

15th surface

i

o

> PP A

ot
-

1.5988 x 1
8.3859 x 1
-9.6874 x 1

078

o = —9.3587 x 1071

1.1964 x 1



r, = —14.0060
(Aspheric)
r, = —22.9843
(Aspheric)
r, = 142132
(Aspheric)
r, = =51.3575
e = —46.5658
(Aspheric)
r. =-291.8552
r; = (Stop)
e = 20.5143
ro =—=264.7711
(Aspheric)
o= -19.2167
(Aspheric)
r,, = -14.1563
r,= =9.9072
(Aspheric)
1,5 = —-52.5574

f

d

dy

dg

g

US 6,327,100 Bl

EXAMPLE 23
f = 38.059 ~ 63.050 ~ 102.244
Fro = 4.598 ~ 7.594 ~ 11.365
fg = 9.198 ~ 33.175 ~ 62.636
d, =1.8000 ng, = 1.75500 vy, = 52.32
d, = (Variable)
d, = 3.6000 ng, = 1.51633 vy, = 64.14
d, = (Variable)
d. = 3.0000 g, = 1.80518 w5 = 25.42
ds = (Variable)
d, =0.1000
de = 4.0000 ng, = 1.49700 v, = 81.54
d, = (Variable)
d,, = 2.5500 nge = 1.84666  vye = 23.78
d,, = 1.5000
d,, = 1.2000 Nye = 1.77250 Vs = 49.60
Zooming Spaces
Wl ST TE
38.059 63.050 102.244
0.25000 2.29964 0.25000
2.00000 2.80499 3.74053
1.31193 1.35937 1.88227
11.69348 4.49808 1.41266

Aspherical Coeflicients

1st surface

K=0
A, = 11528 x 10
A, = 67714 x 107/
Ag = 1.8698 x 107®

A,y =-2.2979 x 10710

A, 2.0922 x 107/
A, = 8.0082 x 107/
A
A

o = 1.0450 x 1078
o =-1.5194 x 1071°

3rd surface

I
-

2.1010 x 107

8.1352 x 1077

=-1.7738 x 10~®

= 2.2732 x 1071
5th surftace

-

¢o
I

' dla
[

-y
-

K =0
A, =-2.0608 x 107>
A, =-55658x 10~
Ay, = 1.0980 x 1078
A, = -1.4641 x 10710

Oth surface

|
-

0.0155 x 107
3.0648 x 107°
=-1.7431 x 107’
= 4.0297 x 107°
10th surface

I

o

i als
[

ot
-

K = 0.4858
A, =-4.0146 x 107°
As = 1.3249 x 107°
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-continued

Ay =-4.9357 x 1075
A= 4.6993 x 1071
12th surface

K=0
A, = 6.6916 x 10~
A, =-4.4638 x 107/
A
A

o 3.2423 x 107°
o = —1.2494 x 1071°

EXAMPLE 24
f = 38.002 ~ 73.000 ~ 115.000
Fno = 4280 ~ 7.323 ~ 10.920
fg = 7.088 ~ 28.774 ~ 54.310
r, = 14.4546 d, =3.0500 n, =1.51633 v, = 64.14
(Aspheric)
r, =-671.8706 d, = (Variable)
r, = —62.6335 d, =1.0000 ng, = 1.79952 v, = 42.22
r, = 32.4674 d, = (Variable)
e = -26.3881 d. =1.1382 g, = 1.49700 vy, = 81.54
(Aspheric)
. = —35.7460 d. =0.7146
r, = (Stop) d, = (Variable)
e = 169552 dy =5.6730 Ny 1 eacee vy, = 23.78
o = 10.6607 dg =5.2733 e = 1.53996 v, = 59.46
ro= —-17.7599 d,, = (Variable)
r,, = -14.1323 d,, = 0.5000 n,. =1.77250 v, = 49.60
(Aspheric)
t, = —44.7798 d,, = 0.1054
.= —40.8798 d,, = 3.9500 ng, = 1.80518 vy, = 25.42
.= —-16.4958 d,, = 1.3147
1,5 = —12.8273 d;s = 1.5000 Nye = 1.69680 Vag = 55.53
(Aspheric)
I = —248.8666
Zooming Spaces
WI ST TE
£ 38.002 73.000 115.000
d, 0.35000 1.78561 2.11023
d, 2.00000 8.98372 13.09008
d, 2.26766 1.50702 1.14260
d 8.91049 3.22697 0.95000

10

Aspherical Coetlicients

1st surface

K=0
A, = 42252 x107°
As = 5.9088 x 10°®
A, = 2.7236 x 1071°
A= 4.5907 x 1071

5th surface

|
-

= -2.0608 x 107>
= -5.5658 x 107’/
= 1.0980 x 1078
= -1.4641 x 1071°
10th surface

=

o

'

-y
-

|
I <

9.2344 x 107>
= 1.8561 x 107/
= -6.8685 x 10~
9.0798 x 1

i

o
I

> Z PP A
|

[y
-



r, = 14.7061
(Aspheric)

r, =-158.1131
r, = —60.6963
r, = 351034
r = -28.5115
(Aspheric)

. = —49.4509
r; = (Stop)

e = 17.3966
r, = 10.4518
o= -16.8542
r, = —13.9280
r, = —159.6178
f,= -86.9727
r, = —17.0860
e = —12.5327
(Aspheric)

rs = —101.4662

o a TN TN sl
-~

10

63

-continued

11th surtace

|
-

9.3383 x 107

5.0709 x 107’

= -8.0068 x 10~°

= 9.0706 x 10712
15th surface

-

o
I

> PP A
[

o
-
I

US 6,327,100 Bl

K=0
A, = 14397 x 107
A; =-9.9242 x 107°
Ag = 1.2126 x 1077
Ajg= 2.3789 x 107
EXAMPLE 25
f = 38.897 ~ 73.000 ~ 151.100
Fno = 4333~ 7.128 ~ 11.802
fg = 7.083 ~ 26.715 ~ 59.151
d, = 3.0500 ng, = 1.51633 vV = 04.14
d, = (Variable)
d, = 1.0000 ng, = 1.79952 Voo = 42.22
d, = (Variable)
dg = 0.7993
d, = (Variable)
de = 5.5443 ng, = 1.84666 Vyq = 23.78
dg, =5.8476 ngs = 1.53996 Vs = 59.46
d,o = (Variable)
d,; = 3.3785 ng7 = 1.80518 Vyy = 25.42
d,, = 1.3667
d,s = 1.5000 nge = 1.69680 Ve = 35.53
Zooming Spaces
WI ST TE
38.897 73.000 131.100
0.37017 1.51923 1.70067
2.00000 9.46621 15.38094
1.33156 0.70578 0.55500
9.00000 3.66752 0.95000

Aspherical Coeflicients

1st surface

K=0

A, = 2.6416 x 107°
As = 2.9459 x 10°®
A, = 4.7002 x 10719
Ayn =-2.3451 x 107%°

5th surface

A, =-2.0608 x 107>
A, =-5.3538x 107’
Ag = 1.0980 x 10°®
A, =-1.4641 x 1071°
10th surface

|
I <

8.7152 x 107>
= 1.2204 x 107®
=-3.1142 x 1077
4.7041 x 10711

i

o
I

'S Pl
|

[y
-
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-continued

11th surtace

|
-

-

o
I

> Z PR
[

ot
-

15th surface

8.4612 x 107
5.5309 x 107’
= -7.3453 x 10~°
= —1.4465 x 1071

K=0
A, = 31681 x 10
A, =-9.7381 x 107°
A, = 9.2552 x 10710
A, = 3.5899 x 1071
EXAMPLE 26
f = 38.900 ~ 73.369 ~ 149.998
Fro = 4.786 ~ 7.575 ~ 13.380
fg = 7.144 ~ 26.936 ~ 69.439
r, = 124841  d, =2.9500 n, =1.49700 v, = 81.54
(Aspheric)
r, = 107.1351 d, = (Variable)
r, =291.1124  d, =1.0648 ng, = 1.61800 v, = 63.33
r, = 23.6685 d, = (Variable)
(Aspheric)
rs = —-20.9081 ds =0.9000 ny; = 1.78800 Vysz = 47.37
(Aspheric)
r, = 30.8797 d, =0.2406
r, = (Stop) d, =0.2576
g = 11.2006  dy =1.7272 ng, = 1.59551  wv, = 39.24
(Aspheric)
ro = 23.4895 d, = (Variable)
o= 100875  d,, = 3.4500 nge = 1.51633 vy = 64.14
r, = -10.4155  d,, = 0.6426 Ny = 1.80440 v, = 39.59
r; = —20.5016 d,5; = (Variable)
(Aspheric)
f, = —10.1853  d,, = 41817 ng, = 1.84666 vy, = 23.78
(Aspheric)
fs = —10.1307  d,. = 0.7029
(Aspheric)
o= -9.9961  d,.= 18765 Nye = 1.69680 V4o = 55.53
(Aspheric)
Zooming Spaces
! ST TE
f 38.900 73.369 149.998
d, 0.22966 0.20916 0.14744
d, 1.26045 10.60613 17.22560
dg 1.66686 1.64151 1.54087
d 13.14006 7.59327 3.58522

13

Aspherical Coetlicients

1st surface

|
I <

-

o
I

> PP A
|

ot
-
I

4th surface

K_:

I <

4.2485 x 107>
4.8108 x 107’
3.5843 x 107
1.4395 x 1

4 7.3233 x 107

8

10
5th surface

A
A; = 5.0761 x 1077
A
A

0

1.6623 x 107°
3.1165 x 1

K =
A, =-2.0608 x 107



65

-continued

A
Ag
A

s =-5.5658 x 107’

1.0980 x 10°°

Sth surface

o = —-1.4641 x 1071°

US 6,327,100 Bl

K=0
A, =-1.7620 x 10~
As =-2.0071 x 10~
Ag = 4.4917 x 107/
Ao =-3.9443 x 107°
Oth surface
K=0
A, =-3.8193x 1077
A, =-2.1704 x 107
Ag =-5.3608 x 107°
A, =-1.5986 x 107°
13th surface
K=0
A, = 3.6523 x 107*
A, = 57051 x10°°
Ag = 5.8546 x 107°
Ao =-2.5500 x 1077
14th surface
A, = 69325 x 107
Ag = 4.5484 x 107°
Ag =-6.1047 x 107°
A,= 43884 x 107"
15th surface
K=0
A, =-2.8736 x 10~
A, = 9.5370 x 107°
Ag =-8.4693 x 107°
Ao = 41007 x 1071°
16th surface
K=0
A, =-3.8125%x 107
A, = 1.0648 x 107
Ag =-9.4641 x 107°
Ajg= 4.6459 x 1071°
EXAMPLE 27
f = 38.900 ~ 76.140 ~ 152.000
Fno = 4.569 ~ 7.332 ~ 13,157
fn = 7.040 ~ 26.015 ~ 63.796
r, = =249882 d, =0.4500 ng; = 1.78800 vy, = 47.37
r, = —-449958 d, =0.1025
ry = 14.4174 d; = 2.8003 ng, = 1.49700 Voo = 81.54
(Aspheric)
r, = =27.6222 d, =0.0770
rs = —259905 d. =0.7700 ng, = 1.80100 V4 = 34.97
r = -37.5232 dg = (Variable)
(Aspheric)
r- = —-654.1460 d, =0.900 ngs = 1.78800 Vaa =47.37
(Aspheric)
g = 13.2682 dg = (Variable)
1o = % (Stop) de = 0.6000
g = 15.4357 d,, = 1.6000 ngs = 1.84666 Vys = 23.78
(Aspheric)
r; = —4.837.9551 d,;; = (Vanable)
Iy = 38.7220 dy, = 1.1000 ngg = 1.80518 Vs = 25.42
I3 = 9.6623 d,; = 4.8575 ng, = 1.49700 vy, =81.54
ri,= —-12.3131 d,, = (Variable)
(Aspheric)
Ig = -9.9433 d,s = 1.1186 nge = 1.78800 Vaa = 47.37
(Aspheric)
= —2569877 d,s=0.1815
r- = —-1449281 d,; = 5.4395 Nngo = 1.84666 Vyo = 23.78
re= —163931 d;q = 0.5003
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(Aspheric)

I'ng =

11
14

eVl o TN« « T
o

r, = 18.3538
r, = 30.5183
r, =116.7105
(Aspheric)

r, =-14.1353
re = —40.4249
(Aspheric)

r. =-23.1325
(Aspheric)

r, = 307.8116

66

-continued

~15.3585 d,, = 1.4148
r,,= —157.6784

Nyio =1.78800

Zooming Spaces

WI

38.900

2.08386
1.64992
3.05008
9.00000

ST

76.140
7.31022
1.77703
2.88130
3.99218

Aspherical Coeflicients

3rd surface

K:

I o

4

8. —

A
Ag
A
A

10 — —

1.9526 x 10~
1.4626 x 107/
1.2590 x 107°
1.3293 x 107

7th surface

I
-

-

o

D

10th surface

|
I <

I

0
I

'S
[

ot
-
|

14th surface

K_:

I <

A
A
Ag
A

15th surface

= -2.0608 x 107
= -5.5658 x 107’
= 1.0980 x 1078
o =—1.4641 x 1071°

~4.1413 x 10~

7.1824 x 10~/
= -4.9070 x 107
0.3592 x 1

A 2.8041 x 107°
. =-1.8088 x 107°
5.2892 x 107°
0 =-1.1802 x 107°

|
I <

i

¢o
I

> PP A
[

1.6762 x 10~
3.4046 x 107°
1.2657 x 1077
3.6134 x 1

ot
-
I

18th surface

|
I o

i

o
|

> F A
[

ot
-

1.5852 x 107
~1.6358 x 1077/

8.9669 x 1071°
~-1.0195 x 107

EXAMPLE 28

TE

152.000
10.29067
1.83163
2.89011
0.73309

f = 38.900 ~ 75.994 ~ 195.500

FNCI'

= 1.1500
= (Variable)
= 2.4550

= 1.0000
= (Variable)

= (J.9000

= (Variable)

= 4,682 ~ 7.887 ~ 15.157
fg = 7.118 ~ 26.600 ~ 52.376

ng, = 1.581244
ng, = 1.49700

nys = 1.80100

g, = 1.77250

vy =40.75

vy, =81.54

Vs =34.97

vy, =49.60



rg = (Stop)
r, = 28.5430
(Aspheric)
I = —26.0382
r,, = —26.0579
= 9.5547
f, = —20.2569
r,, = 45.7262
.5 = —10.5876
f. = —10.8438
r,, = 101.3343
I, = 138.1544
fo = —22.6461
(Aspheric)
fog = —10.7522
(Aspheric)
r,, = —34.0000

f

d,

ds

d;

d1o

d

67
-continued

dy = 0.6000

d, =1.4500 n,. = 1.69895
d,o = (Variable)

d,, = 0.6500 n,. = 1.78800
d,, = 2.2500 ng, = 1.49700
d,, = 0.1000

d,, = 4.1000 N, = 1.49700
d,s = (Variable)

d, . = 0.7300 Ny = 1.78800
d,- = 0.0500

d,e = 3.0000 Ny = 1.80518
d,o = 3.7700

d,, = 0.5500 Ny, = 1.78800

Zooming Spaces

Wl ST

38.900 75.994
0.37700 3.40901
2.00000 3.33979
1.02966 2.34774
2.06965 0.84963
9.832035 7.35444

Aspherical Coeflicients

3rd surface

5th surface

K=0

K=0
A, =-42216x 107
A, =-3.4001 x 107/
A, = 5.2219 x 107°
A,y =-8.2945 x 107

. =-4.9522 x 107

A
As =-2.2537x 1077
A

o = 4.3427 x 1077
A, =-54843 x 107

6th surface

= ()

, =-2.0608 x 107

6

o

> > 2 PR

10

= -5.5658 x 10~/
= 1.0980 x 10°%

= -1.4641 x 107

Oth surface

4

6

o

> > 2 >N

10

0

= -4.5200 x 107
= 9.7792 x 107®
= 7.1610 x 1077
= -2.1245 x 107

13th surface

h

o

' il

10 =

9.4868 x 107>
3.2005 x 107°
~5.4224 x 107°
3.8493 x 1077

15th surface

i

o

'

[y
-

0
~3.3742 x 107
~2.1472 x 107°

1.8856 x 107°
~1.2064 x 10~°

US 6,327,100 Bl

v, =230.13
v, =47.37
vy, =81.54
Vv, =81.54
Vo =47.37

TE

195.500
0.77000
19.02364
0.88000
8.86434
0.55000
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-continued

16th surface

K=0
A, = 2.7807 x 107
A, = 1.4022 x 107°
Ag = -2.4666 x 107°
A, = 2.2446 x 107
19th surface
K=0
A, = 15409 x 10
A, = 8.7408 x 107/
Ag =-1.3045x%x 107°
A, = 59160 x 107
20th surface
K=0
A, =-4.1301x 107
A, = 2.1001 x 107/
Ag =-1.9550 x 107
Ay, = 2.3273 x 1071
EXAMPLE 29
f = 38.900 ~ 70.571 ~ 197.989
Fno = 4.813 ~ 8164 ~ 15.348
fg = 7.144 ~ 27.105 ~ 52.833
r, = 167102 d, =1.0500 ng, =1.58144 v, =40.75
r, = 232731 d, = (Variable)
r, =-245.7686 d; =2.0500 ng, = 1.49700 Voo = 81.54
(Aspheric)
r, = -11.3525 d, =0.5000 ny; = 1.80100 Vg = 34.97
rs = —24.9633 d; = (Variable)
(Aspheric)
r. = —17.1245 d. =0.9000 ng, =1.77250  wv,, =49.60
(Aspheric)
r- = -90.7512 d, = (Variable)
re = @ (Stop) dg = 0.6000
o = 424810 dy = 1.4500 nge =1.69805 vy =30.13
(Aspheric)
10 = -20.6455 d,, = (Variable)
r, = -24.6802 d,, = 0.6500 nge =1.78800  wvg. =47.37
r,= 10.6701 d;, = 2.2500 ng; = 1.49700 Vq7; = 81.54
r.5 = —-20.8102 d,; = (Variable)
(Aspheric)
.= 332817 d,, = 41000 nge =1.49700 vy, =81.54
rs = —11.3160 d,5 = (Variable)
(Aspheric)
o= —11.1044 d,. = 0.7300 nge =1.77250 vy, = 49.60
(Aspheric)
o= 721298 d,- = 0.0500
o= 945956 d,, = 3.4500 no=1.72151 v, = 29.23
o= —-22.0046 d,, = 3.7700
(Aspheric)
o= -11.1347 d,, = 0.5500 n,, =1.78800 v, = 47.37
(Aspheric)
f, = —34.0000
Zooming Spaces
Wi ST TE
f 38.900 70.571 197.989
d, 1.2°7000 2.39180 0.77000
ds 2.0000 1.63000 19.04448
d 0.90000 2.82481 0.88000




10
13
15

-continued
2.26608 0.93066
0.22344 0.18592
10.29365 7.90848

Aspheric Coeflicients

3rd surface

=0

, =-4.9968 x 10>

. =-3.0993 x 107’

= 6.5332 x 107°

A, =-6.2392 x 10711
5th surface

> > > A

o

=0

4 =-5.3087 x 10~
s =-2.4946 x 107’
= 5.0351 x 107°
A, =-4.8011 x 107!
6th surface

> > > A

o

= 0
, =-2.0608 x 107
. =-5.5658 x 1077
- 1.0980 x 10°®
o =-1.4641 x 10710

Oth surface

o

> > 2 >N

=0
. =-2.7634 x 107
. = 6.0064 x 107®
= 8.9130 x 107~
1o =—-2.0494 x 1071°
13th surface

o

> > > > A

=0
. = 8.3664 x 107
s = 2.9972 x 107°
=-3.5771 x 10°°
o= 2.0351 x 107°
15th surface

o

> > 2 > A

K=0
A, =-1.3598 x 107
As =-1.8198 x 107°
Ag = 1.2790 x 10°°
A, = -4.6464 x 1071°

16th surface

=0
4 = 2.5559 x 107

- = 8.4280 x 107/

=-2.2033 x 107°

o= 2.2846 x 1071
19th surface

o

> > > > A

K
A, = 2.6201 x 107°
A = 7.3539 x 1077/
A, =-1.8396 x 1078
A;p = 87036 x 107
20th surface

K=0
A, =-49362x 107
A = 2.2412 x 1077
A, =-6.3289 x 107°
A, =-8.7032 x 107*°

US 6,327,100 Bl

12.52134
0.29355
0.55000
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r, = 16.5678
r, = 22.9631
r, =-216.5376
(Aspheric)
r, = —11.5136
e = —24.9210
(Aspheric)
. = —17.6659
(Aspheric)
r, = —88.9985
rg = (Stop)
o = 62.6527
(Aspheric)
o= —-10.3662
r, = —21.5320
= 11.5159
r,= -19.2137
(Aspheric)
.= 275724
1,5 = —11.6200
(Aspheric)
fo= —11.5986
(Aspheric)
f,= 39.7469
fa= 46.2208
o= —-23.2175
(Aspheric)
fg= —11.2583
(Aspheric)

10
13

eV« TN T« T « P « Pl
~]
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EXAMPLE 30
f = 38.900 ~ 71.362 ~ 201.579
Fno = 4.800 ~ 8.146 ~ 15.627
g = 7.116 ~ 27.103 ~ 53.165
d, =1.0500 ng, = 1.58144 vy, =40.75
d, = (Variable)
d; =2.0500 ng, = 1.49700 Voo =81.54
d, =0.5000 ng; = 1.80100 Vgz = 34.97
ds = (Variable)
ds = 0.9000 ng, = 1.77250 Vas = 49.60
d, = (Variable)
dg = 0.6000
dg =1.4500 Ngs = 1.69895 Vgs = 30.13
d,o = (Variable)
d,; = 0.6500 Nge = 1.78800 Vas = 47.37
d,» = 2.2500 ng; = 1.49700 vy =81.54
d,; = (Variable)
d,, = 4.1000 ngg = 1.49700 Vae = 31.54
d,s = (Variable)
d,s = 0.7300 Nge = 1.77250 Vio = 49.60
d e = 3.4500 n,, = 1.72151 Va0 = 29.23
d,e = 3.7700
Zooming Spaces
WI ST TE
38.900 71.362 201.579
1.27000 2.89033 0.77000
2.00000 1.63000 19.05125
0.90000 2.73016 0.88000
2.99882 1.44677 13.21403
0.15081 0.10000 0.42017
10.03359 7.68677 0.55000

Aspherical Coeflicients

3rd surface

> > 2 > A

= 0
, =-5.8379 x 107>
. =-3.4837 x 1077
. = 7.4622 x 10°°
o= 1.0236 x 10710

5th surface

> > B > A

=0
., =-5.6224 x 107
. =-2.4072 x 10~/
e = 5.2060 x 107°
o = —6.5536 x 10711

6th surfaece

> 2 PR

=0
, =-2.0608 x 107
. =-5.5658 x 107/
. = 1.0980 x 107®
0 = —1.4641 x 107

Oth surface

> > 2 A
[

=0

, =-2.6617 x 107°

. 1.1990 x 107®
1.5381 x 10°°

~3.7377 x 1071°

8

10



71

-continued

13th surface

-

0
|
mmn n <

s

o
-

15th surface

K:

I o

A
Ag
A

6.9157 x 10~
1.7878 x 10~
1.9695 x 10~
-9.1711 x 1071°

O h

. 3.0974 x 1077
~-9.7504 x 1077
o =—-8.0093 x 107°

Ao = -4.7999 x 10712

16th surface

19th surface

K:

4

1 <

K=0
A, = 2.4183 x 107
As = 8.3100 x 107/
Ag =-2.0799 x 107°
A, = 1.6817 x 10710

A -9.2730 x 107°
Ag 8.2199 x 107/
A

e =-14913 x 10°°
Ajn= 7.4949 x 1071

20th surface

K=0
A, =-5.6465x 107
As = 2.4101 x 1077
A, =-6.8726 x 107°
A;p= 45832 x 107

TABLE 1

(D | £ [Er
(D), ), (7), (10)

0.1125
0.1051
0.0974
0.0782
0.0743
0.0766
0.0785
0.0935
0.0977
0.0971
0.0782
0.0655
0.0582
0.0585
0.0484
0.04875
0.1526
0.1471
0.1479
20 0.1444
0
0

Example

00 ~] O Lh B GBI = O WO 00 ~1 O W B Gy b —

1217

1085
23 0.216
24 0.144
25 0.123
26 0.120
27 0.087
28 0.0528
29 0.0530
30 0.052

I£5|/£,, AX;,/f, and B5,/B5y for the three-group zoom lens

(1) AXpp/fr
(2), (5), (8), (11)

0.374
0.360
0.369
0.343
0.343
0.349
0.361
0.411
0.432
0.3714
0.3420
0.2923
0.2691
0.2784
0.2339
0.2137
0.36°/0
0.3840
0.4209
0.3194
0.3753
0.3726
0.523
0.411
0.397
0.415
0.373
0.232
0.231
0.228
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(III) I‘))LT/BLW
(3); (6), 9), (12)

2.848
2.854
2.923
3.226
3.253
3.270
3.341
3.360
3.349
3.079
3.0971
3.2525
3.1165
3.1874
3.2328

3.01854

2.320
2.4589
2.5453
2.2506
2.7582
2.9057
2.625
2.746
2.953
3.106
3.240
3.179
3.150
3.178
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systems 1n the foregoing examples have the values given in 65

Table 1, and are within the following ranges or the ranges
defined by conditions (I), (IT) and (III). Thus, these zoom
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lens systems are reduced in terms of length during lens
collapsing or at the wide-angle ends as well as the telephoto
ends, with well-corrected aberrations, although they have
high zoom ratios.

0.07<|fs|/fsl/fr<0.12

0.34<AX 5 1/fr<0.44

2.8<P3+/Psy<3.4

As already explained, the third lens group comprises a
cemented or air-spaced doublet composed of a negative
meniscus lens having a strong concave surface on 1ts object
side and a positive lens, and a negative meniscus lens having
a strong concave surface on 1ts object side. From a com-
parison on an absolute value basis of the radius of curvature
of the object-side concave surface of the negative meniscus
lens located on the object side with that of the negative
meniscus lens located on the image side, 1t 1s found that the
object-side concave surface of the negative meniscus lens
located on the object side has a smaller radius of curvature.

The radius of curvature of the object-side concave surface
of the negative meniscus lens located on the 1mage side 1s so
smallest that when the second and third lens groups are
proximate to each other, the apex of the surface of the lens
located nearest to the object side 1n the second lens group 1s
positioned closer to the 1mage side than to the peripheral
portion of the lens located nearest to the object side 1n the
third lens group (a position where a chamfered surface
intersects a spherical surface). Accordingly, the lens located
nearest to the 1mage side 1n the second lens group can move
in a space defined by this concave surface. As a result, not
only can the length of the lens system at the telephoto end
be reduced but also the size of the camera during lens
collapsing can be reduced.

The thickness on the optical axis of the positive lens 1s
larger than that of each of the two negative meniscus lens.
In addition, this thickness i1s about 1.7 to 2.3 times as large
as the total thickness of the two negative meniscus lenses on
the optical axis.

The three-group zoom lens system of the mvention has a
zoom ratio of 3 or greater and a telephoto ratio of about 0.8
to 0.5. The zoom lens systems exemplified herein have a
zoom rafio of 3.37 to 3.88 and a telephoto ratio of 0.63 to
0.72.

I/t AX,,/f; and B,/ for the four-group zoom lens
systems of +++-— construction 1n the foregoing examples
have the values given in Table 1, and are within the
following ranges or the ranges defined by conditions (4), (5)
and (6). Thus, these zoom lens systems are reduced in terms
of length during lens collapsing or at the wide-angle ends as
well as the telephoto ends, with well-corrected aberrations,
although they have high zoom ratios.

0.045<|f,|/f,<0.10

0.21<AX ,+f7<0.38
3.0<PL7/Psw<3.4

As already explained, the fourth lens group G4 comprises
a doublet composed of a negative meniscus lens having a
strong concave surface on its objet side and a positive
meniscus lens or a double-concave negative lens having a
strong concave surface on its object side and a double-
convex positive lens, and a negative meniscus lens having a
strong concave surface on its object side. From a comparison
on an absolute value basis of the radius of curvature of the
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object-side concave surface of the negative meniscus lens
located on the object side with that of the negative meniscus
lens located on the 1image side, 1t 1s found that the object-side
concave surface of the negative meniscus lens located on the
object side has a smaller radius of curvature.

The radius of curvature of the object-side concave surface
of the negative lens located on the object side 1s smallest or
second-smallest 1n the zoom optical system and the outer
diameter of the fourth lens group G4 1s larger than that of the
third lens group G3, so that when the third and fourth lens
groups G3 and G4 are proximate to each other, the apex of
the surface of the lens located nearest to the 1 Image side 1n the
third lens group G3 i1s positioned closer to the 1mage side
than to the peripheral portion of the lens located nearest to
the object side 1n the fourth lens group G4. Accordingly, the
lens located nearest to the 1image side 1n the third lens group
(G3 can move 1n a space defined by this concave surface. As
a result, not only can the length of the lens system at the
telephoto end be reduced but also the size of the camera
during lens collapsing can be reduced.

The thickness on the optical axis of the positive lens 1s
larger than that of each of the two negative meniscus lens.
In addition, this thickness 1s about 2 to 3.3 times as large as
the total thickness of the two negative meniscus lenses.

The four-group zoom lens system of +++— construction
according to the 1nvention has a zoom ratio of 3 or greater
and a telephoto ratio of about 0.8 to 0.5. The zoom lens
systems exemplified heremn have a zoom ratio of 3.37 to 5.03
and a telephoto ratio of 0.51 to 0.68.

I£,|/f,, AX, /f. and B,./B. for the four-group zoom lens
systems of +—+— construction 1n the foregoing examples
have the values given in Table 1, and are within the
following ranges or the ranges defined by conditions (7), (8)
and (9). Thus, these zoom lens systems are reduced in terms
of length during lens collapsing or at the wide-angle ends as
well as the telephoto ends, with well-corrected aberrations,
although they have high zoom ratios.

0.1<|f,|/f,<0.16

0.31<AX,1/f<0.43

2.2<PB L Paw<3.0

For the fourth lens group G4, the same as explained in
conjunction with the four-group zoom lens system of +++—
construction holds.

The radius of curvature of the object-side concave surface
of the negative lens located on the object side 1s smallest or
second-smallest 1n the fourth lens group G4 and the outer
diameter of the fourth lens group G4 1s larger than that of the
third lens group G3, so that the same action and effect as
those of the four-group zoom lens system of +++— construc-
fion are obtainable. As a result, not only can the length of the
lens system at the telephoto end be reduced but also the size
of the camera during lens collapsing can be reduced.

The four-group zoom lens system of +—+- construction
according to the 1nvention has a zoom ratio of 3 or greater
and a telephoto ratio of about 0.85 to 0.6. The zoom lens
systems exemplified herein have a zoom ratio of 2.63 to 3.37
and a telephoto ratio of 0.65 to 0.83.

The thickness on the optical axis of the positive lens 1s
larger than that of each of the two negative meniscus lens.
In addition, this thickness i1s about 1.1 to 2.4 times as large
as the total thickness of the two negative meniscus lenses.

It, |/t;, AX, ,/f, and B, /B, w for the four-group zoom lens
systems comprising at least five lens groups 1n the foregoing
examples have the values given 1n Table 1, and are within
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the following ranges or the ranges defined by conditions
(10), (11) and (12). Thus, these zoom lens systems are
reduced 1n terms of length during lens collapsing or at the
wide-angle ends as well as the telephoto ends, with well-
corrected aberrations, although they have high zoom ratios.

0.05<|f, |/f;<0.22

0.22<AX, /f,<0.53

2.6<P; /P w<3.3

The final lens group comprises a doublet composed of a
positive meniscus lens concave on its object side and a
negative meniscus lens having a strong concave surface on
its object side or a negative meniscus lens concave on its
object side and a positive lens, and a negative meniscus lens
having a strong concave surface on its object side.

The zoom lens system according to each example 1s of the
type that the magnification varies continuously from the
wide-angle to the telephoto end. However, 1t 1s noted that the
present invention may also be applied to a zoom lens system
of the type that it has varied magnifications at its wide-angle
end and telephoto end or its wide-angle end, intermediate
setting and telephoto end.

The radius of curvature of the object-side concave surface
of the negative lens on the object side 1n the final lens group
1s very small and the outer diameter of the final lens group
1s larger than that of a lens group just 1n front of the final lens
group, so that the same action and effect as those of the
three-, and four-group zoom lens systems are obtainable. As
a result, not only can the length of the lens system at the
telephoto end be reduced but also the size of the camera
during lens collapsing can be reduced.

The zoom lens system comprising at least five lens groups
according to the 1nvention has a zoom ratio of 3 or greater
and a telephoto ratio of about 0.85 to 0.55. The zoom lens
systems exemplified herein have a zoom ratio of 3.03 to 5.18
and a telephoto ratio of 0.55 to 0.86.

As explained above, the present invention provides a
zoom lens system comprising a front lens group located
nearest to 1ts object side and a rear lens group located nearest
to 1ts image side with at least one lens group located between
the front and rear lens groups, wherein the front lens group
has positive or negative refracting power while the rear lens
oroup has negative refracting power, a separation between
adjacent lens group varies for zooming from 1ts wide-angle
end to its telephoto end, and the specific conditions are
satisfied with the focal length of the rear lens group, the
amount of movement of the rear lens group and the zoom
ratio shared by the rear lens group. Thus, 1t 1s possible to
achieve a zoom lens system which, albeit having a high
zoom ratio, 1s compact as expressed by a small telephoto
ratio, so that an associated camera 1s not only reduced 1n size
but also be minimized in terms of a change in the center of
oravity. Thus, the present invention makes 1t possible to
provide an easy-to-use camera.

What 1s claimed 1s:

1. A zoom lens system comprising, in order from an object
side thereof, a positive front lens group and a negative rear
lens group, wherein:

said positive front lens group comprises a plurality of lens
oTOUpPS,
said negative rear lens group comprises at least one lens

group,
a separation between adjacent lens groups varies for
zooming from a wide-angle end to a telephoto end of

said zoom lens system,
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a separation between said front lens group and said rear
lens group becomes narrow for said zooming, and

said negative rear lens group satisiies the following con-
ditions:

0.02<|f, |/f,<0.03 (I)
(1D

(1)

0.1<AX, /f<0.7

1.5<P; #/Pr /<6

where I, 1s a focal length of said rear lens group, {,1s a focal
length of said zoom lens system at said telephoto end, AX, -
1s an amount, on the basis of said wide-angle end, of
zooming movement of said negative rear lens group to said
telephoto end, {3; - 1s a transverse magnification of said
negative rear lens group at said telephoto end, and {3, 1s a
transverse magnification of said negative rear lens group at
said wide-angle end.

2. The zoom lens system according to claim 1,
satisfies the following condition:

which

0.03<|f, |/f,<0.25 (I).

which

3. The zoom lens system according to claim 1,
satisfies the following condition:

0.1<AX, /fr<0.5 (I1).

which

4. The zoom lens system according to claim 1,
satisfies the following condition:

0.2<AX; /fr<0.6 (I1").

which

5. The zoom lens system according to claim 1,
satisfies the following condition:

0.2<AX, /fr<0.44 (™.

6. The zoom lens system according to any one of claims
1 to 5, wherein said negative rear lens group comprising one
lens group.

7. The zoom lens system according to claim 6, wherein
said negative rear lens group comprises, 1n order from an
object side thereolf, a negative lens element, a positive lens
clement and a negative lens element.

8. A zoom lens system comprising a front lens group
located nearest to an object side of said zoom lens system,
a rear lens group located nearest to an 1mage side of said
zoom lens system and at least one lens group located
between said front lens group and said rear lens group,
wherein:

said front lens group has positive or negative refracting,
power, and said rear lens group has negative refracting
POWET,

a separation between adjacent lens groups varies for
zooming from a wide-angle end to a telephoto end of
said zoom lens system, and

conditions (I), (II) and (III) are satisfied:

0.02<|f, |/f,<0.03 (I)
(ID)

(1)

0.1<AX, /f<0.7

1.5<P; #/Pr /<6

where I, 1s a focal length of said rear lens group, {15 a focal
length of said zoom lens system at said telephoto end, AX;
1s an amount, on the basis of said wide-angle end, of
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zooming movement of said negative rear lens group to said
telephoto end, f3,, 1s a transverse magnification of said
negative rear lens group at said telephoto end, and {3, 1s a
transverse magnification of said negative rear lens group at
said wide-angle end.

9. The zoom lens system according to claim 8 comprising,
in order from an object side of said zoom lens system, a first
lens group having positive refracting power, a second lens
ogroup having positive refracting power and a third lens
oroup having negative refracting power, wherein a separa-
tion between said first lens group and said second lens group
becomes wide for zooming, a separation between said
second lens group and said third lens group becomes narrow
for zooming, and conditions (1), (2) and (3) are satisfied:

0.03<|f, |/f;<0.25

0.2<AX, ;/fr<0.44
1.5<P; +#/P; 5/<6.0

10. The zoom lens system according to claim 8
comprising, in order from an object side of said zoom lens
system, a first lens group having positive refracting power,
a second lens group having positive refracting power, a third
lens group having positive refracting power and a fourth lens
oroup having negative relfracting power, wherein a separa-
tion between said first lens group and said second lens group
becomes wide for zooming, a separation between said third
lens group and said fourth lens group becomes narrow for
zooming, and conditions (4), (5) and (6) are satisfied:

0.02<[f, |/f,<0.3 (4)

(5)
(6).

11. The zoom lens system according to claim 8
comprising, 1n order from an object side of said zoom lens
system, a first lens group having positive refracting power,
a second lens group having negative refracting power, a third
lens group having positive refracting power and a fourth lens
oroup having negative refracting power, wherein a separa-
tion between said first lens group and said second lens group
becomes wide for zooming, a separation between said third
lens group and said fourth lens group becomes narrow for
zooming, and conditions (7), (8) and (9) are satisfied:

0.1<AX, /fr<0.5

1.5<PB; /P s/ <6

0.02<[f, |/f,<0.3 (7)

(8)
(9).

12. A zoom lens system comprising a front lens group
located nearest to an object side of said zoom lens system,
a rear lens group located nearest to an 1mage side of said
zoom lens system and at least one lens group located
between said front lens group and said rear lens group,
wherein:

0.2<AX, /fr<0.6

1.5<P; /Bru/<6

said front lens group has positive or negative refracting
power, and said rear lens group has negative refracting
POWET,

a separation between adjacent lens groups varies for
zooming from a wide-angle end to a telephoto end of
said zoom lens system,

an object-side surface of a lens located nearest to an object
side 1n said rear lens group has strong concavity on said
object side, and
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1n a state where said rear lens group 1s proximate to a lens
group just 1n front of said rear lens group, an apex of
a lens surface located nearest to an 1image side 1n said
lens group 1s positioned closer to said 1mage side than
to a peripheral portion of a lens located nearest to the
object side 1n said rear lens group.

13. A zoom lens system comprising a front lens group
located nearest to an object side of said zoom lens system,
a rear lens group located nearest to an 1mage side of said
zoom lens system and at least one lens group located
between said front lens group and said rear lens group,
wherein:

10
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said front lens group has positive or negative re:

racting,

power, and said rear lens group has negative re:
POWET,

racting

a separation between adjacent lens groups varies for

zooming from a wide-angle end to a telephoto
said zoom lens system,

end of

said rear lens group comprises a negative lens, a positive

lens and a negative meniscus lens, and
a radius of curvature of an object-side surface

of said

negative lens 1s smaller than that of an object-side

surface of said negative meniscus lens.
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